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Cane Varieties: 
An Acreage Census 


'riu‘ raiu‘ xarivly, 111(H), now co\ ers more than 52,()("K) 
acres. The Lahaina cane, formerly occii])\ing 7(),0()() 
acres ( lOlo census), now holds hut lo.500 acres, there 
IxMiig S.3f)() in tile 1922 crop, and alioiil 3,(X)r) in the 1924 ('roj). ddie 32.0(K) 
acres of 11199 are dixided hetween the two ceming cro])s, with 22,(KK) acres for 
1922 and 29, ()()() for 1924. 

Yellow C'aledonia shows a decrease of some 3,000 acres since last xear, there 
hcang 94,000 as against 99, (KK) a xear ago. 44ie Yellow (.'aU‘donia area for 1922 
is 49,(K)0: the 1924 area is 43, (XX). 

Yhe areas of 1)1123, Stri])ed d'ij) and Yellow Tip are substantially the same 
as last year, l.ower areas are rejxirted for 1)117, Rose Ramhoo and IlldO. 

Radila takes its place among the xarieties occupying more than a thousand 
acres of land, and ^\‘llow Ramhoo no longer holds this distinction. 


1'hat tropical agriciilliire is going to take full account 
Higher Yields of lowering costs of })roduction hy in- 

^ creasing yields jier acre is iplainly indicated, hy “Some 

Notes on F^uhher Instates of the Future,''' which we reproduce in this issue. 

Individual rubber trees \ary enormously in yield. Ry selecting and ])r()])a- 
gating the lietter ones through grafting, it is i)redicte(l that a very substantial 
increase in yield will result. With this matter of tree selection is also consid- 
ered that of soil selection, which refers to choosing those areas best adapted to 
high yields. ( )n these two points the average yield, it is claimed, can he more 
than doubled, and losses converted into substantial profits even at low jirices of 
rubber. 


'rhe question is frequently asked: How long can 
Hawaiian soils hold out under intensive fertilization and 
extremely heavy cropping of some of our irrigated fields^ 
To what extent can this que.stion be answered by the Rothamsted ExjxTi- 
nients ? 


Permanent 

Agriculture 


1 
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Systematic field experiments were started at Rothamsted (Harpenden, Herts, 
England) in 1843, and investigations have been continued for seventy-nine years. 
“The great object,” as A. D. Hall, a former director of the work, wrote, “is to ob- 
tain knowledge that is true everywhere, and to arrive at principles of general ap- 
plication, leaving the farmer himself, through his more immediate advisors, to 
adopt these principles to his own practical conditions and translate them into 
pounds, shillings, and ]>ence. Thus the farmer who visits Rothamsted must not 
expect to see demonstrations of the mo.st profitable means of growing this or that 
crop, but rather to obtain information as to its habits and requirements which, on 
reflection, he can make useful under his own conditions.” 

Having long had the desire to discuss the Hawaiian agriculture of today 
with the authorities at the Rothamsted Experiment Station, we asked Mr. Muir 
of this Station, now in England, to represent us in interviewing Dr. E. ,]. Russell, 
the present director. W'^e furnished the following memoranda : 

A point of groat iiiterost to us, ou which the Rothamsted iuirestigatioiis iniglit throw 
some light, is whether we can have ^‘porinanent agriculture’^ under our intensive ami con- 
tinuous one-crop system of cane cultivation. Take the Waipio sulistation results as a basis 
of discussion. These fields have been under cultivation about 30 or 35 years. During this 
time the amount of organic refuse returned to the soil has been so little as to be negligible. 

These fields were taken over by us for experimental purposes in 1912. Prior to this time 
they had produced about 8 tons of sugar every two years, say fiO tons of cane (cane 
leaves, etc., all burned, would amount to several tons more). Our experiments have been 
along commercial lines, that of perfecting the present intensive agriculture based on chemical 
fertilization and irrigation. We have gradually increased the yields to 13, 14, and 15 tons 
of sugar ])er acre. Almost every crop to date has been a little better than the last. Particu- 
larly is this true when you consider both the elements of area and time. Wo learn, for 
instance, that two years is not the optimum cropping period; that while this gives the largest 
yield per acre, it does not give the largest yield pcr-acre-])er-month. On a 15i/^ months’ crop, 
taken off last August, we got 10.23 tons of sugar, which is 0.06 ton-of-sugar-per-aere-jan*- 
month. This is the best to date, as the two-year e<juivalent would bo 15.84. Kwa Plantation 
has reporte«l four fields this year with yields of over 15 tons. These big yields result from: 

1. Oontrol of insect pests by parasites. 

2. Suitable cane variety, having resistance to various diseases. 

3. Adequate irrigation throughout the growing j)eriod. 

4. Ascertaining the profitable limit of chemical nitrogen and applying it. (Also phos- 

l)horic acid and potash where field tests show it to be needed.) 

5. Allowing about 10 to 12 months to elapse between the last application of nitrogenous 

salts and time of harvesting. (This is to improve sugar content of cane.) 

6. Allowing two to three months between last irrigation and time of harvest. (Thi®’’^' 

also causes sugar content to improve.) 

We find it profitable to apply 300 or even 350 pounds of nitrogen to a two-year crop. 
Chemical examination of the soils at Kwa shows no ill effects to^have resulted from heavy 
use of nitrate of soda year after year. If it becomes advisable to use sulphate of ammonia 
to offset the ‘effects of nitrate of soda, we could do so, or we could, if necessary, turn to 
nitrate of ammonia. 

The point is, can we continue to raise big crops for years and years from chemical fer- 
tilizers (barring increase of insects and disease, which is beside the point under discussion) ? 
Are we depleting the organic matter of the soil and altering its water-holding capacity, or are 
we actually maintaining this or perhaps increasing it by producing huge root systems year 
after year with chemical nitrogen, these, on decaying, adding to the organic matter of the 
soil itself? 

Rothamsted experiments tell of maintaining yield by chemical nitrogen to an extent that 
is equal to, if not greater than, what is done by continuous applications of barnyard manure. 
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With wheat and other grain crops we are told that the cost of the chemical nitrogen 
necessary to do this is prohibitive from a commercial standpoint. With sugar, this is not the 
case. Three hundred pounds of nitrogen at ‘20 cents per pound costs $d0.0(), which amounts 
to (Uily $5.00 per ton on a 12-ton croj). 

This being the case, is not our agriculture souiid and ‘‘permanent” from the stand- 
point of the Kothamsted work dealing with the maintenance of yields through chemicals only/ 

We are in receipt of a letter from Mr. Muir, December 5, 1922, in which 
he tells us of the opinion expressed on this intensive sugar agriculture, consid- 
ered in the light of nearly eighty years of investigations dealing with chemical 
fertilizers in their effects upon the soils and crops of England, those investiga- 
tions including extensive comparisons between chemical and organic manures. 
Mr. Muir writes: 

l paid 11 visit to Kothamstcil about ten weeks ago aad iv.vd a Ai'Ug ta\k wWb \>y. UwsseU. 
II(‘ was surj)riscd tt) hear that you were using nitrate (»f soda without it showing any ill effect, 
he expected you were using nitrate of ammonia. He was also surprist‘d that so little of the 
gre(‘n crop had been returiUM] to the soil on many of the |iJautatlons. Jbit he saiM, ^ffor 
eousidering tlies(‘ points, that there was no (‘vidence to be drawn froir any of their work at 
llarp(mdeu that iiulicated that our nudhods wer(‘ not along the lines of permanent agriculture. 
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The Java Sugar Cane Leaf-Mite in Hawaii. 


By O. H. SwEZEY. 

A very large infestation by the Java sugar cane leaf-mite occurred in an area 
of plant cane on the plantation of the Oahu Sugar Companx during the summer 
of 1922. 

The presence of this extensive infestation was first made known by Dr. L. ( ). 
Kunkel in August, when he examined conditions where the cane was not main- 
taining a healthy appearance. In September and October, 1 made several trips 
with him to the region, making observations on the conditions, and trying an 
experimental dusting to kill the mites. 

The infested area included fields 43, 44. 4.s. -K) (partially). 47 and 49, alto- 
gether comprising about one thousand acres, being situated in the region between 
Kipapa Gulch and Waikakalaua Gulch, and at an elevation running from about 
400 to 550 feet. It is planted chiefly to H 109 cane, though there is also some 
D1135 and H456. The planting occurred in the various fields during April to 
July. The method of planting was by means of furrows opened between the old 
cane rows, instead of the ground having been first plowed. I hc ])revious ratoons 
were Lahaina, some stools of which came up between the rows of tlie newly- 
planted cane. 

At the time when first noted the mites were very numerous, occurring on 
the underside of the lower leaves and cau.sing them to become yellowish streaked 
longitudinally. ( )lder infested leaves had become reddish in streaks ; and still 
older ones were drying up and dying, at edges and tips first. The infestation 
was practically all over this one th.ousand acres, though in ])laccs it seemed to 
have passed already, evidences showing on the leaves where the mites had ])re- 
viously been abundant. W'here the cane seemed to have l)een thriving on account 
of favorable conditions, there was apparently no special detrimental effect by 
the mites. In some places where on account of weeds, the condition of the 
ground due to method of planting, or possibly being too dry (in the hot, dry 
summer and perhaps not always irrigated sufficiently or frequently enough), or 
other less favorable conditions, the effect on the cane by the mites was more 
conspicuous, apparently for a time checking the growth of the cane. The canc 
has been improving well after some rainy weather, and the disappearance of the 
mites. 

This leaf-mite is very small and difficult to .see except with a magnifying 
glass, though where numerous on a leaf and viewed en masse their presence is 
readily distinguished. A heavily infested leaf may have many thousands of them 
in all stages of growth and eggs as well. The latter are tiny, globular, white ob- 
jects placed on the under-side, usually scattered all along near the mid-rib. The 
mites themselves are greyish-yellow in color, with some dark spots laterally placed 
on the back of the abdomen, and towards the front of the abdomen are two red 
spots, one towards each side. They feed by puncturing the leaf and sucking out 
the juice, sometimes removing the chlorophyll as well, which gives a greenish 
color to these mites. 




JAVA LKAP-MITK AM) NATURAL ENLM1K8. 


3. Female leaf mite, X 80. 

2. Male lea finite, X 80. 

3. Young leafmite, X 80. 

4. A predacious mite, X 60. 

5. Cano leaf injured by leafmites, X 

6. A lady beetle (Stelhorm vapans), X 40. 

7. A Stapbylinid beetle (Oligota s}>.), X 45. 
4, 6, 7, Enemies of the leafmite. 
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So far as I can learn this mite has not been previously recorded here in 
Hawaii. We have been accustomed to finding it now and then on the cane leaves 
in various plantations of the Islands, but never in such extensive infestations as 
to give attention, to it, and apparently no one previously has determined it. By 
reference to a de.scription and an account of its occurrence in Java, respectively in 
Mededcelingcn van het Proef station Oost-Java, n.ser. No. 37, p. 48, 1897, and 
Handbook voor de Snikerriet-Cultuiir en de Rietsuiker-Fahricage op Java, i)p. 
282-291, PI. 39, 1906, I am able to identify it as the same. In the first publica- 
tion cited, Zehntner describes this mite under the name Tetranychus exsiccator. 
In the .second publication cited. Van Deventer gives a more complete account of 
the mite and the insects which prey upon it. The colored jdate is .specially hcli)- 
ful in enabling one to identify the mite, as the description is rather brief. 

Another species of leaf-mite, Paratetranychus viridis, occurs on cane leaves 
in Porto Rico, affecting them similarly to what the Java .species does. It is only 
prevalent at times of drought. 

At the time of the extensive infestation at Oahu Sugar Company, there were 
a few of the mites to be found on the cane at the Experiment Station grounds, 
and in fields on other plantations that happened to be visited during the time. 
They were conspicuously abundant in ratoon cane of field 12, Oahu Sugar Com- 
pany, in a corner of the field in the shelter of the ironwood trees along the gov- 
ernment road. Evidence of recent occurrence was also found on Lahaina cane 
of 1923 crop in field 52 mauka of the main infested area. 

On September 29. we tried some dusting experiments on the mite in field 47, 
using tobacco dust, and nicodust. Examining for results on October 3, it was 
found that there had been little, if any, effect on the mites. There were less of 
them in the cane that had been treated, but in untreated cane they were also fewer 
in numbers. They were being preyed on by several natural enemies and seemed 
to be very much on the wane. When the region was visited again on October 
24, the mites had almost entirely disappeared. It was very difficult to find any 
living mites anywhere in the whole area. This di.sappearance was probably due 
to the natural enemies, though it is difficult to .say for sure, and it is impossible 
to account for it in any other way, though some heavy rains that occurred may 
have had something to do with it also. 

The principal natural enemy observed in the field was a predacious mite 
larger than the leaf-mite and very active, which increased in abundance at the 
time the others were decreasing but finally disappeared itself when the leaf-mites 
were gone. The species of this predacious mite has not been determined. 

Another enemy of the leaf-mite was a very small, black ladybeetle {Stethorus 
vagans) which commonly feeds on other .species of leaf-mites usually called red 
spiders. Both the larvae and adults of this ladybeetle fe.d on the leaf-mites and 
each individual could eat a great number of the mites and probably their eggs 
also. 

Still another leaf-mite enemy present was a minute Staphylinid beetle. The 
species is undetermined, but it may be Oligota ovifortnds, which feeds on red 
spiders in California. It is brown, and its larvae are whitish. Both feed on the 
mites and their eggs, eating great quantities of them. 
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It is a mystery how a pest of this kind, being wingless and able to spread 
only by crawling, could have become so widely spread in such a large area, as one 
thousand acres all at the same time. 'I'here are two possibilities: If it were 
some pest that was on the seed cane when planted, it could be readily accounted 
for. But so far as we know the habits of this i)est, we would not expect it to 
be present so generally on seed-cane, unless, i)erchancc, it has some habit of de- 
positing holdover eggs on or behind leafsheaths, which could have bf‘en left on 
the seed. 

The more likely possibility is that they survived somehow from the ratoon 
crop previously on the field. Although the fields were burned in the usual man- 
ner for harvesting, 1 am told that, in some cases, it was not so thorough as could 
be desired. Then, due to the unusual method of planting, there was considerable 
growth from the old stools, and it may be that the mites or their eggs survived 
somehow in the old stools or in unburned trash, and that the shoots of cane from 
the old stools were first infested, then i)assing from these to the new jdant. 

V>c that as it may, the infestation is over and finished with for the present, 
and whether it was specially connected with the method of planting employed 
may never be demonstrated ; but the fact that such a large infestation ( hitherto 
an unknown occurrence in Hawaii) occurred on this ])articular area makes it 
a])pear that, in some way, some j)hase of this procedure has favored the survival 
of the mites from some previous time when they must have been widely dis- 
tributed though not numerous enough to be noted. 

Their j)resent sudden disa])pearance shows what can be expected should any 
such infestations occur in the future. 


Ammonium Nitrate vs. Nitrate of Soda. 


\\'ai])io Ivxperiment I. 2, 1922 Cro]). 

\\ v Harvested this year at W'aipio an experiment in which equal amounts of 
nitrogen from ammonium nitrate and from nitrate of soda were compared. The 
cane was H109, first ratoons, 22% months old at harvest. The yields obtained 
were the same for both treatements, as shown below : 



Troatineiit 


Total 

Yield IVr Acre 



rounds 




" June U>20 

Oct.' 1920 

Feb. 1921 

Nitroj^en 

Fane 

Q. K. 

Suj>ar 

fifiO lbs. N. S. 

607 lbs. N. S. 

667 lbs. N. S. 

;uo 

li:!..*! 

8.29 

13.(17 

lbs. N. 8. 

295 lbs. A. N. 

295 lbs. A. N. 

aio 

1U.4 

8.29 

13.80 


Ammonium nitrate is the more hygroscopic and takes up water rather readily 
in damp weather. That is a disadvantage. Other factors are in its favor. It 
is more concentrated, requiring much less material to supply the same amount of 
nitrogen. One hundred pounds of nitrogen are supplied by the following weights 
of material : 
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645 pounds of nitrate of soda. 

488 pounds of sulfate of ammonium. 

290 pounds of ammonium nitrate. 

The nitrogen in ammonium nitrate is in the form of nitrate and of ammonia. 
Its use, then, would accomplish the same results as are obtained from, the com- 
bined iise of ammonium sulfate and of nitrate of soda. On Oahu quite a bit 
of ammonium nitrate has been used this year as spring dressing with what seemed 
to be satisfactory results. 

The above discussion does not include consideration of the prices of these 
three materials. At the present time the price of ammonium nitrate is higher 
than that of nitrate of soda or ammonium sulfate. This prevents it from being an 
important source of nitrogen at this time. 

J. A. V. 


Report of the Committee on Juice Deterioration.^ 

By W. K. Orth. 

The very few who contributed to your committee’s report did .so hand- 
.somely, Init to make the reading at all worth while the term "juice deteriora- 
tion” had to be stretched a little, taking in what might, strictly considered, 
belong to cane deterioration. 

Records are kept at Ewa of the purities, and lately also of the quality 
ratios, of all cane juices (first expressed juice) according to the number of- 
days after burning the cane is ground. Two tables were compiled to show 
the effect of time elapsed on the qualities of the juice. In the first are shown 
the averages of all juices of the first, second, third, etc., day after burning, 
regardless of the individual fields they came from ; 


PURITIES OF CANE JUICES (CRUSHER) DAYS AFTER BURNING 


DAYS— 

1 1st 

2nd 1 

3rd 

4th 

5th 

6th 

1 7th 

8th 

January 

85.6 

85.0 

84.7 

’ 84.3 

84.2 

84.6 

83.4 1 

83.4 

February 

84..9 

85.9 

85.1 

84.7 

83.1 

82.6 

81.5 

81.4 

March 

87.4 

87.8 

85.8 

84.9 

84.4 

84.5 

82.1 

80.7 

April 

85.8 

88.8 

88.6 

88.7 

86.8 

. . . 

... 

• • • 

May 

88.8 

88.0 

87.6 

87.5 

86.7 

. . . 

. . • 

• • • 

June 

88.0 

86.9 ! 

86.6 ; 

86.2 

85..3 

84.8 

, i 

• « • 

July 

86.2 

85.8 

1 84.0 

85.1 1 

84.4 ! 

t 

86.1 1 

i 83.9 


Average ....t 

86.66 

86.99 ' 

86.36 

85.80 

84.28 

84.08 

82.50 

80.70 

Drop in Purity. 

1 

.33 

—.30 

j —.86 ' 

—2.38 

—2.58 

—4.16 ! 

—5.96 

No, of Samples. 

1 152 

181 

209 

1 177 

136 • 

1 

66 1 

48 i 

16 


•Presented at the First Annual Meeting of the Assoeiation of Hawaiian Sugar Tech- 
nogoUstg, Honolulu, November 15-18, 1922. 
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A second tabic shows llie drop in purities and Ihc change in the quality 
ratios from the first day after burning to the second, third and following days, 
for juices from individual fields: 


Days After Burning. 

Purity Drop. 

Q. R. Change. 

No. of Fields Sampled. 

2 

.5 : 

+0.2 

18 

3 

1.3 

+0.2 

IS 

4 

1.3 

+0.2.S 

15 

5 

1.0 

+0.4 

12 

6 

2.3 

+0.1 

12 

7 

2.5 

+0.3 

8 

8 

2.5 

+0.3 

2 

10 

4.8 

+0.6 

3 


These figures do not require much comment: nothing new is shown, but 
the wide range of the data should make them valuable. 'Fhey again point to 
tlie necessity of having burnt cane through the mill as soon as possible. 

A breakdown st()i)ped the mill at Kwa for four days, with cane tliat had 
passed the first set of knives on the carrier, the yard well filled with cane on 
cars and a cut suj)ply in the fields. AX’hen grinding again, the juice from 
the cane on the carrier had s])oile(l so much that it could not be clarified for 
analysis. The cane on the cars had apparently kept better than the cane in 
the field. The last juice of a certain field ground on the day of the break- 
down had 83.3 j)urity ; the cane on the cars during the first day (»f grinding 
again 83.0; and the cane in the field 83.6. Hie latter was then ])erhaps one- 
hiilf to one day older than the cane on the cars. 

MILT. JUICES 

Crusher Juice: Three tests of five hours’ duration did not show any 
deterioration during the first three and only a very slight dro]) in purity at 
the end of the fifth hour. The initial purities ranged from 81.2 to 78.8 and 
after five hours from 81.2 to 78.2. No preservatives were used. 

Last Mill Juice: Five tests on the last mill juice of I>rix about 2.5 

showed an average drop in purity during the first half hour of 1.6, at the end 
of the first hour 3.0, and at the end of the fifth hour 7.2, when no preserva- 
tive was employed. With four drops of formalin per gallon, the figures were 
0.3, 0.7, 3.7 respectively, indicating the necessity of a preservative and of 
frequent sampling of last mill juices. 

Mixed Juice: Mr. 11. Walker of Pioneer Mill (\)mpany writes: 

Haniples of mixed juice from the mill tank, kept in the laboratory in covered 
buckets, ordinarily lost from 0 to 0.2 ]K)larization reading (dry lead method) in one hour. 
Samples of the first juice entering the scale tank on starting up the mill, after several 
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hours ^ shut down, lost from 0.2 to 0.5 in reading during the first hour and deteriorated a 
little more rapidly on standing longer. When the mill was washed down thoroughly and 
the mixed juice line flushed out with water just before starting up, the first runnings 
showed less tendency td deteriorate. 

In order to get an idea of the effect of lack of cleanliness on the keeping qualities 
of juice, a five liter sample of mixed juice was divided into two portions, to one of which 
was added 25 cc of an actively fermented juice about 24 hours old. Both samples were 
allowed to stand in covered buckets in the laboratory and polarized at intervals. is 

the untreated, and the inoculated juice. 



At Once. 

20 Min. 

IHr. 

4Hr8. 

8 Hrs. 

18 Hrs. 

22 Hrs. 

Beading 

Percentage Lost on 

60.8 1 

60.8 

60.7 

60.6 

’ 59.5 

49.1 

36.5 

Original Beading . . . 

0 1 

0 

0.16 

o.3:i 

2.1 

19.2 

40.0 

'*B»» Beading 

Percentage Lost on 

60.5 1 

60.4 j 

! 

eo.-'is 

59.75 

1 57.9 

i 

1 

1 

■ 1 

27.7 j 

1 

11.2 

Original Beading . . . 

0 ' 

0.16 j 

0.25 

1.0 

i 4.3 ; 

54.2 i 

1 

81.5 


While the inoculated juice went off about twice as fast as the other, very little change 
took place in either during the first hour. After 22 hours ^‘A’^ contained 1.05%, ‘‘B^^ 
1.20% glucose, an indication that glucose was used up as fast as formed. 

The average time in transit from crusher to juice heaters is less than fifteen min- 
utes. This is too short an interval for any appreciable deterioration, even in badly in- 
fected juice. Trash and juice allowed to accumulate around the mill may suffer an almost 
total loss of sucrose, but the proimrtion so lost of the total sucrose passing through the 
mill in very small. 

For the same purpose, to trace the influence of cleanliness or the lack 
of it on the keeping qualities of juices, similar experiments to Walker's hap- 
pened to be made at Ewa. 

One portion of the juice samples, five gallons to start with, were in- 
fected with a small handful of cush-cush that had collected below the third 


mill rollers and 
treated— “A”. 

was strongly sour 

— “H” 

. The 

Other 

portion 

was not so 


At Once, 

30 Min. 

IHr. 

1% Hrs. 

2 Hrs. 

2 % Hrs. 

3% Hrs. 

4 Hrs. 

Purity of ** . 

j 80.42 ! 

80.42 ; 

80.52 

1 80.52 

1 80.32 

j 80.22 

! 79.90 i 

79.75 

Drop in Purity . . 


* 

^ .10 

• .10 

j .10 

.20 

: .52 ! 

.67 

Purity of 

80.42 j 

80.42 

79.72 

79.42 

79.12 

i 78.72 

! 78.35 ! 

73.75 

Drop in Purity.. 

.... 1 

. 

.70 1 

1.00 

1.30 

i 1.70 

; 2.07 1 

6.67 


* Increase in purity. 


In our case also, glucose did not increase but remained lor four hours 
at 1.45%. 

To test the possible argument that a destructicn of sucrose might not 
be shown by figures based on polarization, on account of glucose being at 
first more actively fermented by zymase then the sucrose is inverted by 
invertase, a number of Clerget sucrose determinations were run which indi- 
cated that this is not the case and the results of the experiments seem indeed 
to show that no great deterioration takes place during the time the juice 
in transit to the heaters. 
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However, this does not change our conviction that the greatest cleanli- 
ness around the mills is essential for highest recovery. The effect of the 
infection by fermented juice or sour cush-cush may not be strong enough 
to destroy sucrose in the inoculated juice during the short time of half an 
hour, yet the quantity of badly deteriorated material accumulating on the 
old apron conveyors and in the crevices and corners of some mills, which 
material from time to time is washed into the juice, is enough to lower 
appreciably the purity of the mixed juice below that what it should be. This 
we shall try to demonstrate by figures taken from records at Ewa. 

The average differences between crusher juice and mixed juice purities 
for thirty-two weeks, taken from 1921 and 1922, records were: 


P'irst .samples taken on Mondays 3.09 

.Average for Mondays 3.23 

Mondays, after .Sunday cleaning 3.60 

'Fuesdays 4.00 

During fifteen weeks’ grinding, with nine roller mill, with reduced chance 
of souring, the differences were: 

Mondays 2.7.s 

4'ucsdays 2,75 

Rut during twenty weeks following grinding with eighteen rolls: 

Mondays 4.16 

Tuesdays 4.53 


'riiis showing caused us to wash down the mill whenever we had a chance 
to do so and on quite a number of days w^e stopped the mill purposely to clean 
it with hot water. ( )n such days the crusher-mixed juice difference was 2.07. 
On other days it was 3.07, which was the average of twenty-five samples. 

W’e realize that at Kwa conditions have been severer than in many other 
places. The protracted grinding sca.sons of late years have prevented bring- 
ing the mills fully uj) to date in regard to cleanliness. That a step has been 
made in the right direction, by the installation of two Mcinccke conveyors and 
stee]) sided more self-cleaning juice trays, is shown, to our mind, by the lessen- 
ing of the crusher-mixed juice differences since part of our mill was thus" 
equi])ped during the past season. While previously the difference was 4.78 
fl921), 4.28 (1920), 3.65 (1919), it is now 2.80 with the same eighteen roller 
mill and about equal extraction. 

With regard to preservation of mixed juice by means of either formalin, 
•soda ash. or mercuric chloride, Mr. V. F. Iyer of Paauilo furnishes us with 
the results of a great number of carefully conducted exiierimcnts. The out- 
come is that formalin proved the mo.st reliable, and soda ash, in combination 
or without lime, the least satisfactory. 
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HOT JUICES 

Mr. Iyer made tjje experiments on a suggestion given us by Mr. N. King 
of Koloa, who found that soda ash proved in his case the cheapest and mo.st 
effective preservative for hot juice kept over night in settling tanks. Mr. 
King gives the results of a test as follows ; 







After 1‘ 

1 Hours. 


Treatment. 

Brix 

Pol. 

Purity 

Brix 

Pol. 

Purity 

Drop 

Heavy liming and 

9.6 

7.4.'5 

77.6 

10.2 

7.79 

76.4 

3.2 

formalin 








Heavy liming alone.... 

10.9 

9.17 

77.1 

11.9 

8.97 

75.4 

1.7 

Heavy liming and soda 








ash, 1% lbs. per tank. 

10.4 

8.10 

77.9 

10.5 

8.17 

77.8 

0.1 


Mr. King continues: “Since the first of April we have been using soda 
ash in that capacity and find it highly satisfactory.” 
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Mr. Walker reports the following under '‘Hot Juices'': 

Frequent stoppage for lack of cane in 1921 gave us an opportunity to check up on 
deterioration in the settling tanks. Following is an average of 207 analyses representing 
207 tanks held on the average 11.903 hours per tank: 


IN 

OUT 

Brix 

1 Pol. 

[ Purity 

Brix 

Pol. 

1 Purity 

14.42 

12.02 

83.32 

14.44 

11.98 

83.01 


Loss in Purity 0.313. 


We still follow the system outlined several years ago of heating only to 180° F. that 
juice which is to he lield in the settling tanks for more than an hour or so. .When running 
st(‘adily we average about 200° P. in the settling tanks, as a much lower temperature seems 
to retard settling. 

(\ar])enter and Honionti {Hawaiian Planirrs" Tu'cont, 1921, XXV, page 171) say that 
^^The experiments of II. S. Walker and .X. Fries cited in the 1920 report of the committee 
on juice det(>rioration indi(*ate that bacteria are active in hot Juices. As a matt(‘r 
of fact none of my expeiiineiits indi(*ated such a condition. On th(* contrary they showed 
tliat at temperatures above 170° F. the rate of decomposition of cane Juice increased rap- 
idly witli the teni))eratiire and that such deterioration was brought about by heat, not by 
bacterial action. The experiments of ('arj)eiiter and Bomonti although covering a differ- 
ent temperature range (122° t(» 170° F.) and deiiKuistrating the effect of heat resisting 
bacteria, also showed a marked deterioration, even in sterile Juice, increasing with the 
teni[)eratnre. The large loss in ]»urity they obtained with sterilized and iiiisterilized 
Juices at 170° F. does not accord with ordinary factory ]>ractice and would suggest some- 
thing abnormal in the Juice they iis(*d. 

The old researches of Herzfeld on the decomposition of very slightly alkaline sucrose 
solutions although not necessarily applicable to factory conditions, are worth remcuiiber- 
ing in this connection. The amount of sucrose decojti]>osed per cent on that originally 
])resent or, very roughly, the drop in jmrity, per hour in a ten per <*cnt sugar solution 
vNas at 


170° F 0444 

194° F 0790 

212° F 1140 


The loss at the boiling point was about two and one-half times as great as at 
170°. Taking 170° F. as the average tenij»erature of Juice held over at Pioneer, w^c w^mld 
ex])oct then a loss in sucrose in 12 hours of 0.53^/f of the total. Our actual average loss 
in ])urity on 207 samples was, as reported above, 0.3P/L 

During the 1921 season we made three laboratory tests on the deterioration of Juice 
l)y lieat resisting organisms. A bucket of hot Juice from the settling tanks w’as })Oured into 
a number of 200 cc bottles and allowed to stand at laboratory temi)erature. The bottles 
were rinsed out vvitli boiling water and drained Just before filling, then plugged with ab- 
sorbent cotton. The imlariscope reading of different bottles of clarified Juice from time 
to time was as follows: 


Hours 

1 0 1 

1.5 

1 2-t 

1 38 

1 64 

Reading 

1 34.0 ! 

34.0 

1 33.1 

1 33.0 

1 32.9 

Loss % total 

1 0 1 

0 

2.0 

2.9 

1 3.2 


The deterioration was slow" and irregular. It had been expected that once started, 
decomposition would go on wdth increasing speed as in the case of raw Juice. The experi- 
ment was stopped on account of running out of samples, though the last one polarized was 
not visibly *^sour.^^ 



A similar test, made on the limed and heated juice entering the settling tanks, ran as 
follows. 


Hours 

0 

24 

48 1 

72 

96 

Reading 

45.0 

44.7 

44.3 

41.9 

‘^Sour»' 

Loss % total 

0 

0.67 

1.6 

6.9 



This juice spoiled niucli quicker than the clarified juice. The sample kept 96 hours 
had changed in color to a light yellow and was too sour to clarify with lead subacetate. 
Apparently the mud, which had not been removed as in the first experiment, had a bad 
effect on the keeping qualities of the juice. To test this another experiment was run on 
clarified juice; 


Hours 

0 

1 25 

1 33 

48 1 

57 

Reading 

45.9 

45.75 

45.60 

45.45 i 

44.0 

Loss % total 

0 

0.3.3 

' 0.65 I 

0.98 j 

4.1 


Deterioration was slow’or at the start, but after 57 hours was worse than in either 
of the other tests. The last sample was sour and the reading doubtful as it was hard 
to get a clear filtrate. 

These experiments may indicate the action of heat resisting bacteria such as found 
by Carpenter and Bomonti or of other organisms whose spores withstood a temperature 
of 200® F. Accidental infection after hot juice had been taken from the settling tanks 
may also have been possible. In the second experiment the temperature of the juice at 
the time of filling the bottles had dro}>ped to 138® F. Tt might be worth while repeating 
these experiments under better bacteriological control than obtains in a sugar factory 
laboratory. 

Deterioration of juice held over in settling tanks may be caused by bacterial action, 
by the effect of heat, or by both these agencies together. From 212® F. down to about 
160 F., decomposition is brought about by heat, and is much less at the lower tempera- 
tures. Below 160® theriTiophilic bacteria may function, producing an acid which invertfi 
sucrose, 1 mosses may be minimized by liming juice which is to be stored to a decided 
phenolphthalein alkalinity, heating only to .*i temperature high enough to prevent Pooling 
below 160® during storage and storing in well insulated and covered tanks. It is jmssiblo 
that re-infection of partially cooled juice in uncovered tanks may do more damage than 
the bacteria originally present. 

To be independent of the few Saturday night shut-downs at Ewa, wc 
planned some thermos bottle experiments to lest the different preservatives 
and the effect of heat at the same time. Quart thermos bottles were used. 
The time of incubation in Experiment I was 28>^ hours. 


EXPERIMENT I. 


Treatment Puritv 

Mixed juice check ’ | 

A. Slightly alkaline to litmus, in 212® F., out 144® F | 

B. As ''A'» + formalin 1 part in 3800, in 212® F., out 144® F.' | 

C. As 1 gin. NagCOa in 1 qt, of juice, in 212® F., out 152* F | 

D. As in 185® F., out 140® F i 

E. As ''B*^ in 185® F., out 140® F 

F. As in 185® F., out 138® F | 


There was no appreciable effect due to variations in temperature or 
preservatives. 


79.2 

77.2 
77.2 
77.2 
77.2 
77.2 
77.2 
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Iwo portions of mixed juice, “A” and “B”, were limed to barely blue 
on red litmus paper, in the second experiment. 


EXPERIMENT II. 


Temperature 

Purity 

Drop aftei 2^^ Hrs. 

A. Jii 180® F 

1 80.1 

1 79.8 

1 

i 80.05 

] 80.1 


Out 171° F 

0.3 

B. In 212° F 

Out 190° F 

0.55 


If heat is responsible for the diflference in purity drop, the increase with 
higher temperature is somewhat in the pro])orti()n given l)y Herzfeld. (See 
Walker’s letter.) 

Experiment 111 was mixed juice limed slightly alkaline to litmus when 
cold, (no preservative). 

KXPKRIMKNT III. 



Tempo rut lire 

Purity 

Drop after 4% 11 rs. 

A. In 180® F 

Out 103° F 

77.S 

77.15 

1 

0.05 

B. In 212° F 

Out 192° F 

1 

1 77.05 

78.2 

-1-0.55 

To test the effect of heavy liming and heat, mixed juice was limed dis- 
tinctly alkaline to phenolphthalein when cold, in Ex])eriment \V, 

KXPKIUMENT TV. 



Temperature 

Purity 

Drop after 3^4 llrs. 

A. In 1.S0° F 

Out 172° F 

77.3 

77.15 

0.15 

H. In 212° F 

Out U)0° F 

1 77.70 

78.10 

+ 0.40 



In Ex])erinients III and IV. an increase in purity with the higher tem- 
l^erature and heavier liming may be due to the destruction of glucose. 
Experiment V was mixed juice slightly over-limed to litmus. 

EXPERIMENT V. 

Temperature 

Purity 

Drop after 31/^ Hrs. 

A. In 180° F 

78.9 


Out 107° E 

78.5 

0.4 

B. In 212° F 

79.1 


Out 191° F . . 

79.1 

0.0 
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A few tank experiments were carried out with mixed juice heavily limed 
without the use of preservative, and the following results were obtained : 
Temperature ^ Purity Drop after 28 Hrs. 


A. In 185® r 

! 83.3 1 


Out 148® F 

80,6 1 

2.7 

B. In 184® F 

82.3 


Out 159' F 

79.7 

2.6 

0* In 185® F 

82.3 

1 

Out 162' F 

81.1 

1 

1.2 


Mixed juice, limed neutral to litmus plus formalin one part in 5000, was 
[)ut in at 180° F. and taken out at 148° F. The purity of the juice at the be- 
ginning was 81.5 and after twenty-eight hours, it was 74.6, showing a drop 
of 6.9. 

At Ewa we heat the juice to be kept in tanks to 212° F. in order to be 
sure that the temperature does not .sink below 160° F. As preservatives, we 
over-lime and add formalin, one part in 3000. Tt appears to us that in our 
case it is more important to prevent the juice from cooling below 160° F. 
than to try avoiding the effect of the higher heat on sucrose. 

PRESS CAKE 

It seems reasonable to expect that, if deterioration has started in the mud- 
presses, the polarization of the discharged mud should continue to go back 
during the first hour or .so. A number of tests made at Ewa showed no dro]> 
in polarization during the first two hours. The polarizations of the cake used 
in the experiments ranged from 4.3 to 1.0. Apparently then no appreciable 
deterioration in mud-presses needs to l)e feared if no large storage tanks are 
used, if the settlings are kept hot and alkaline, and only the hottest water 
available is used for sweetening off. 'Phese are the precautions that were 
taken during the experiments. If sweetening off is unduly prolonged it 
may be advisable to keep the water also alkaline. We did notice that when 
water was kept in longer than three hours it had a tendency to run acid. 
Extremely low polarization of the mud is in such cases most probably due 
to inversion. 

SYRUP AND MASSECUITES 

It is generally accepted that deterioration in the sense of destruction of 
sucrose does not take place in these products under ordinary circumstances, 
if they are not allowed to become distinctly acid. If the difference between 
gravity purity and apparent purity in mixed juice and th^ .syrup coming from 
it is an indicator, a slight destruction of glucose is she wn in our case, where 
the difference is for mixed juice 1.02 and for syrup 0.89. 

Tests made at Ewa show that no deterioration went on in the crystalliz- 
ers. Glucose : Polarization ratios, established ' for seven crystallizers from 
day to day at different times of the season, remaltiM without change for as 
long as fourteen days. A few short runs on massecuites stored in tanks, how- 
ever, gave us reason to suspect deterioration there. 
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Mr. G. F. Murray of Hamakua Mill sent us these notes ; 

Replying to ymir favor of recent d.-itc imking lor diitn on Juice Deterioration, would 
say that I have nothing original to contribute. 

In ordinary week-day practice, I And that by heating the juice to 210°-212‘' F., and 
liming to distinct alkalinity to litmus, 1 get the best results. Any material deviation from 
this invariably results in poor clariAcation, and underliming, that is, liming to neutrality 
or slight acidity to litmus, results in a decidedly acid juice and this in turn to a ilecided 
loss in siicroHt*. 

A clasifioatioii tost, condiK'ted liy Mr. MoAllc[», wliilo on a visit to tins jiiill, niif^ht 
1)0 of intorest. Tlio tost starlod jit lOr.'iO a. in. on Juno lo, 191^2, and lastod one hour 
and thirty iniiiutos. Tho stations oonooniod ^\oro run on the usual sehodulo. Mixod juioo, 
elarifiod juioo, rosottlod juioo, mud pross juieo, and syni]) samplos woro eonii)osito<l in 
])ropor socpionoo in order tt) ;jo1, as nearly as possible, th(‘ same juioo thronj^hont. Tho 
results of this tost wore as follows: 


Juice 

Temperature 

Purity 

^lixod 


80.00 

('la rifled 

20fi°-20S° F. 

S7.2(i 

Resettled 

ISU'^-lOO' F. 

S.').7 

Mud JTcss 

210° -21 2° F. 

84 .4 

Syni]' 


so.o 


^J'lio apparent drop in jmrity of rosottlod juioo and mud ]>ross juioo is aooountod for 
by tho addition of lime at tho rosottliiij^ tanks. This lime raises tho brix of tho juioo, 
thus lowering; tho purity. There was no cvidoiioo of destruotioii of siioroso as tho juices 
in question wore distinctly alkaline and up to proper temperature. 

After tho mill shuts down Saturday o\ oiling the juice loft over in the claritiers is 
further limed at the rate of 5 gallons of milk of lime per 1000 gallons ol juice. No 
other preservative is used, as I find there is no loss in purity if the juice is not kept 
longer than 24 hours. 

J add a half gallon of formalin to each tank of syruj) in order to sterilize the foam 
ami sides of the tank. 

This is all we have to offer from Association members. The report may 
close with the only article pertaining^ to the subject which I was able to find 
among* the last two years’ publications. In the Java Archief of T)21 (i. Loos 
and A. Schweizer write: 

Last year tho authors drew^ attention to the rapid diminution of the ])olarization of 
bagasse on keeping. On further examining this phenomenon, it was ascertained that 
if the sample is so chopped that the outer layers of the cane are very finely divided, the 
polarization falls from 3 — in about seven hours, whereas if the rind remains more 
or less intact, and therefore mostly only the pith passes through the sieve, the deteriora- 
tion is much lees rapid. Presumably this action is due to an enzyme or other agent 
present in the rind of cane. 

It is not very difficult to believe that when the last mill juices are used for macera- 
tion they should deteriorate at least as quickly as the bagasse juice, seeing that they are 
distributed over such a large surface of crushed cane. A study of the control figures of 
Modjokerto factory, Java, relating the purity of the first and last mill juices appears to 
prove this. Thus the differences in the purity of the first and last mill juices in the case 
of a plant having a crusher and four mills, and macerating with water alone was 5.0 Tcith 
one factory and 7.7 with another; but was 11.1; 13.0 and 14.8 in the case of three others 
using the last mill for their maceration; and 8.1 when water was used during the first 
half and last mill juice during tho second half of the campaign. 


2 
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The Importance of Seedling Propagation 
As Illustrated By H 1 09^. 


By W. P. Alexander. 

If one were to analyze the problem of cane improvement as it affects a 
specific plantation, he wouUl have to answer the following questions: 

Am I growing the varieties of cane that are best suited to my loc^ condi- 
tions in general? 

Have I determined the specific variety adapted to each section or different 
fields on the plantation, i. e., have 1 a different cane for my lowland, my uplands, 
poorly drained fields and ideally located fields? 

Could I replace, if necessary, any of my, varieties with a good .substitute, 
i. e., am I prepared for the eventual failing of my standard varieties? 

Provided one is able to answer these three questions in the affirmative, then I 
believe he is ready to ask : 

Have I the superior strains of my varieties ? 

Is it not possible to isolate a better strain? 

Can I eliminate the poorer strains of the varieties ? 

Will not continual selection of my planting material insure the permanency 
of my variety and prevent its decline? 

The propagation and selection of seedling canes is a proved proposition in 
the Hawaiian Islands, as elsewhere in the world. The results obtained have 
been above expectations. A variety of cane has been produced which is resist- 
ent to the root-rot known as the Lahaina disease. It is now grown on over 
50,000 acres. This has all been accomplished in a period of ten years. 

I will sketch the history of the development of this cane briefly, a variety 
whose worth in money to the sugar planters has been placed at millions of dollars. 

In December, 1905,. the first large sowing of seed from the tassels was made 
by the Experiment Station of the Hawaiian Sugar Planters’ Association, of 
which C. F. Eckart was the director of the Division of Agriculture. H109 was 
one seedling out of the 5232 which were propagated in 1905-1906. It came from 
a Lahaina tassel. Whether it was self-fertilized or fertilized by stray pollen of 
another variety is , not known. 

The nursery work connected with propagation of cane seedlings is not 
very difficuR. It requires a knack and intuitive skill to be able to get the seed- 
lings .in the ground. This I have found to be the case from personal experience. 

The real task presents itself in the proper selection of the new canes. It is 
a matter of elimination of the undesirable. How-this \vas done in the first 


'' * Bead at the first annual meeting of the Association of Sugar Technologists of Hawaii; 

Honolulu, November lfi-18, 1922. 



19 


H. S. 

P. A. propagation is shown below* : 


% Discard- 

Year. 

C ancs 

Number 

ed on 1st 

(irown. 

Kliniinated. 

Planting. 

1906 

5232 



1907 


4073 

77.84 

i9as 

802 

357 

6.83 

1909 


453 

8.66 


No big attempt (luring this i^eriod was made to raise more seedlings, as all 
effort was concentrated in discarding the poorest and retaining the best. After 
three years 6.67 per cent were retained and among them was 11109. 


The pioneers in this seedling propagation were well repaid for their pains- 
taking work in getting these new varieties ready for the actual growing condi- 
tions of the ])lantations. They followed the policy laid down in 190f).l namely: 

To distribute no cuttings of Hawaiian seedlings until about three and one- 
half years had elai)sed since seed was sown, for the reason that it would not be 
possible during a period of less than that time. 

To select seedlings according to field characters. 

To test and select seedlings with respect to juice analysis, etc. 

To estimate cropping value of the jdants by plot tests. 

To grow sufficient seed cane from seedlings for distribution among planta- 
tions. 


In 1908, thirty-one seedlings, including H109, were considered worthy of 
studying under plot conditions. In the test, harvested early in 1911 at Makiki, 
H109 ranked eighth for twenty-month-old canes, and in 1912 a short ratoon 
test, HI 09 ranked fifth. 

The results from the first shipments of H109, sent to the jdantations in 
1909, began to be heard from in 1912. In most cases the few lines of cane 
planted from the original seed material from the Station was cut for seed as 
soon as p(^ssible and planted out again. At that, the areas were very small. Very 
encouraging reports concerning 11109 came from Aiea, Waimanalo, Kilauea, 
McBryde, and Ewa. 

At the firs^ named place, Honolulu Plantation, the yield in a single line test 
was 114 tons of cane per acre as against 86 tons per acre for the Lahaina check 
line. 

Except for Ewa, none of these five plantations, where preliminary tests were 
so favorable, continued at that time to spread H109. It remained for George 
E. Renton Sr., Manager of Ewa Plantation Company “to put H109 on the map \ 
His strong convictions are reflected as early as 1909 in the report of the Com- 
mittee on Cultivation, Irrigation, and Fertilization of that year. He said: 

The raising of Hawaiian seedlings and other varieties of previously imported canes 
on every plantation, so as to enable us by thorough test to (•onipare them with our standard 
Lahaina, is something the importance of which cannot be overestimated. It is now being 
done by all of us. What it is wished to emphasize in this brief allusion to this sub- 
ject is the importance of growing a sufficient quantity of, and of testing, the most prom- 


*Exp. Sta. Report, 1917. 
tExp. Sta, Report, 1906. 
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ising of these varieties on fairly large areas, in various locations on each plantation. 
The reason for this is that not always can sufficiently definite results be obtained on a 
small experimental plot, which merely indicates the preeminence of certain varieties on 
that particular location or plot. As a matter of fact, a number of plantations contain 
several different soils within their boundaries, and, unless experiment stations are con- 
ducted on each of these different soils, results are apt to be misleading. * * * * ^ 

Hitherto all the irrigated places have pinned their faith principally to Lahaina. It is 
a splendid cane, with magnificieut ratooning qualities. Perhaps, however, the time may 
come when diseases or insect enemies may sap its strength. And if this should happen, 
it wwld be well for us to be prepared to substitute another variety or other varieties 
w^hich have been found by test to be suitable, and from these fairly good-sized areas be- 
fore referred to, obtain sufficient seed canes with which to effect the change in the shortest 
space of time. It is an old saying that ‘‘sugar is made in the field’’. Certain it is 
that the condition of our fields is of prime importance. 

It was by' applying definitely in practice these ideas that he was able to 
select H109 from many other canes and demonstrate that for his conditions H109 
was the cane he was looking for. 

H109, by 1913, was being tried out on five sections of Ewa Plantation, each 
with a different soil condition to contend with. Along with H109 was being tested 
practically every variety and seedling in existence in the Islands. The areas 
planted to each variety were not very small. The yields from H109 led them all. 

Enough seed was accumulated in 1911 to plant over one-half an acre. It was 
planted with other varieties in Field 13-C, where conditions were not of the best. 
To shine here, a cane had to be A No. 1. The yield obtained was excellent, 81.19 
tons of cane per acre as against 67.92 for an average of Lahaina and other 
varieties. This was in spite of the fact that seed was obtained from this plot to 
plant a larger area. 

In 1912 Field 20-C, an area of 25.2 acres, was planted solid to H109. La- 
haina had failed badly here, hut H109 grew well. It yielded as high as 78.38 
tons of cane per acre, and 10.45 tons of sugar, with a quality ratio of 7.5. This 
crop gave 90 tons of cane per acre from the fourth ratoons. 

There was now no longer any question in the mind of Mr. Renton that H 109 
was the cane to meet Ewa’s conditions. All his patient, persistent work in experi- 
menting had been rewarded. He planted 281 acres to H109 that year. It re- 
quired courage to extend this new variety so rapidly, for others had not yet been 
convinced that here was the cane to solve the Lahaina disease problem, a truly 
resistant variety that was as good, if not better, than Lahaina. 

Ewa Plantation had planted 2500 acres by the end of 1916 before its example 
was really followed on a large scale by the other plantations. Since then almost 
all plantings on all irrigated lowlands in the Islands have b^en confined to H109. 
This is a sure tribute to George F. Renton Sr. 'Within thre^ years from the time 
he received tlie first H. S. P. A. Experiment Station seedlings he led the way in 
selecting and planting on a plantation scale the one cane that now leads the world 
in tons of sugar produced per acre on 288 acres. 

The success of this seedling cane, H109, is so real and personal to everyone 
sit^ted on a» irrigated plantation, that it should fire the imagination of all those 
in the industry. It should make us feel “that no stone should be left unturned” 



until a variety has been found that will be adapted to each and every condition 
of cane culture which we have to deal with in the Islands. We hear rumors that 
Yellow Caledonia, grown on 100,000 acres, about half the total area on planta- 
tions, has seen its best day, and is on its decline. Are we prepared to put in the 
place of Yellow Caledonia a cane that is equal to it or better? If so, I have not 
heard of it. The Tip canes are ideal for many locations and yet cannot grow there 
profitably on account of Yellow Stripe disease. Is there a cane that will equal 
undiseased Tip canes on mauka fields? 

Take our thoroughbred cane, H109, that responds so to ideal conditions, it 
has its weaknesses, being very susceptible to leafhopper attacks and the leaf dis- 
ease, Eye Spot, and also to a terrible foreign disease in Fiji. Are we in a posi- 
tion to substitute for H109 that cane which would be resistant to this dreaded 
stranger, the Fiji disease, should it accidentally come here? 

We are not yet in a position where the proj)agation of seedling canes and 
their selection in the field can stop. We never shall be. On the other hand, the 
opportunity for new varieties was never greater, for we know we are working 
on a sure thing. The sui)remacy of H109 has taught us that. What has been 
done in securing a first class cane for the most productive fields on the Islands 
can be done for the less productive lands. There is an urgent need to have an 
“understudy'’ for every one of our standard canes. It is more than insurance 
against possible calamity. It is a necessity. 

In this plea for more and better .seedling work, there is no intention of be- 
littling or depreciating the present enthusiasm and desire to secure by means of 
bud .selection the improvement of cane varieties. 1 believe the two projects go 
hand in hand. There should be no conflict between them. Each deserves our 
immediate attention. 

In this paper, I stress the seedling work only because I understand others 
more competent than I are to handle the other phase of cane im])rovement. How- 
ever, 1 would like to say that in the history of plant breeding, the greatest re- 
sistance to disease has come about in varieties that have been produced by seed- 
ling work, in contrast to strains originating as bud sports. 

The securing of new varieties by sowing the cane tassel, w^atching the tiny 
plants grow, transplanting them, and caring for them until they have developed 
cane stalks from which the first seed cane can be secured, is fascinating work. 
The most unskilled can do it. The Ewa school children raised several hundred 
seedlings la.st year. The more important future trials with frequent elimina- 
tions of the worthless canes requires patient testing and careful observations over 
a long period of time. There is that gambling element in this work which has 
its appeal. H109 was one chance out of 5000, but for the careful selection work 
of Mr. Eckart and his associates it might have been lost for all time. The Ex- 
periment Station and its staff needs the cooperation of every individual on the 
plantations who will raise a few seedlings. 

In 1920 and 1921, at Ewa, there were five individuals who were propagat- 
ing seedlings. At Olaa, Hilo Sugar Company, and Hononiu there are planta- 
tion overseers and chemists who are raising seedlings to beat the old tinier. Yel- 
low Caledonia, The evolution of H109 at Ewa only encourages us to work 
harder for new varieties. We know at first hand what a seedling can do. 
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Since 1914, I venture to state that at Ewa more experimental area has been 
in seedling canes than on any other plantation, though Wailuku Sugar Company 
is running us a close second. 

There are now 1094 seedlings under investigation covering a total of 90 
acres. Ewa has almost 600 of her own propagation now being grown. This is 
in addition to 20 acres of the 1920, 1921 and 1922 bud selection experiments. I 
mention this merely to show how necessary we believe seedling work to be, in 
spite of the fact that H109 stands head and shoulders above all. 

The profitable production of sugar in Hawaii will always be based on the 
growing of a suitable cane variety. Our conditions are so different on the same 
plantations and from one plantation to another that varieties adapted to every 
environment are necessary. We haven’t them now. The chances of variety de- 
terioration due to disease or inherent qualities are always present. Quarantine 
laws restrict the importation of any foreign varieties to meet our needs. Our 
salvation is the raising of new varieties through propagation of our own seedlings. 
If our interest in this endeavor lessens, let us remember that H109 had its be- 
ginning as a seedling and that there is every reason to believe that many more 
similar successes can be achieved in a like manner. 


TTie Availability of Plant Food As Measured By 

Plant Analysis. 


A REVIEW OF THE LITERATURE 


By W. T. McGeorge 

In 1840, although based on earlier work of de Sau.sure, von Liebig advanced 
his mineral theory of plant nutrition. Following this we note numerous at- 
tempts to measure the plant food needs of the soil or plant. Such attempts have 
apparently reached their climax in the last few years as evidenced by the recent 
attitude taken by the Association of Official Agricultural Chemists, an organiza- 
tion of the leading chemists engaged in this field in United States. In their 
methods of analysis which are the “Hoyle” of agricultural chemistry, we note 
that the old official method of soil analysis has been discarded. In its stead 
has been suggested, but not adopted as official, the absolute determination of the 
mineral constituents. This would indicate that the “braids of the industry” 
had either giyen up in despair or had decided to start cvej again with a clean 
slate. 

Attempts to correlate fertilization practices with soil composition have been 
along three rather definite channels: First, the analysis of the soil; second, the 
simulation of the feeding power of the plant by extracting the soil with weak 
add solvents ; third, the analysis of the plant through the ash. In the smaller 

grain crops the latter method has been at)plied quite extensivdy. With numerous 



other crops this method is possible but hardly practical and we might almost 
say with impunity that with sugar cane we reach the other extreme where cir- 
cumstances make such a proceedure practically impossible. 

A very novel method and one that presages considerable \ralue has been sug- 
gested by Herbert Walker in the last Record, namely, the analysis of the crusher 
juice. It is possible by this means to obtain samples representing almost any 
desired section of the plantation. A somewhat similar proceedure was used by 
P. S. Burgess in his comparison of the potash content of molasses with the an- 
alysis of the soil, which, however, is limited to the plantation as a whole and 
lacks the advantages of the analysis of the crusher juice. 

In view of the surprising lack of response to phosphate and potash on many 
of the Island sugar lands, it is obvious that any method which promises aid in 
the formulation of fertilizer practices is well worth a thorough study. It is in- 
teresting to note in this connection previous work on “the analysis of the soil 
through the medium of the plant.'* 

This field of endeavor is quite thoroughly covered by Johnson in “How Crops 
Grow”.' The information therein represents a general survey of the literature. 
Among the important points which he brings out are: different parts of the same 
])lant yield unlike proi)ortions of mineral matter; the upper and outer part of 
the plant contains the most mineral matter ; the same plant in different stages of 
growth varies in proportion of mineral matter to dry matter; the influence of soil 
and season causes the proportion of mineral matter in the same plant to vary; 
different varieties of the same plant grown on the same soil will vary; ash con- 
tent of healthy and vigorous plants varies from that of weak and stunted. 

E. von Wolff has compiled thousands of ash analyses in his book “Aschen- 
Analysen von Landwirth-schaltlichen l^roducten Fabrik-Abfallen und Wild- 
wachsenden Planzen” which is a constant source of reference for agricultural 
chemists. Briefly stated, his data show a wide variation in the ash composition of 
the same plants grown under different environments. 

Turning to more specific data we note the most extensive investigation of 
this problem is that of HalE of the Rothamstead Experiment Station who re- 
ports in considerable detail his work on oats, wheat, barley, potatoes, swedes and 
mangels. This work so closely correlates local proceedure, even to a comjDarison 
of the citrate soluble phosphate in the soil, that it may not be amiss to present 
some of his data. 


Cere.vl Crops. 

Oats were grown in pots on six different soil types, the plants analysed at 
maturity and the phosphate content of the ash compared with that in the soil 
soluble in 1% citric acid. 
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Soil 

No*: 

Per Cent. 
P 2 O 5 in 
Plant Ash 
(Average) 

Per Cent. 
P 2 O 5 in 

Soil Sol. 

In 1 % Citric 

1 



9 



8 



4 

.5.41 

.0116 

5 

4.80 

.0210 

6 

3.91 

.0023 


Field experiments on these soils showed that only No. 6 was in need of phos- 
phate fertilization. Hall found considerable variation in the phosphate content 
of the ash and from the results as a whole concludes that the analysis of the soil 
with 1% citric acid indicates the characteristics of the soil towards phosphate 
manuring much better than the analysis of the ash. For example he cites soils 
Nos. 5 and 6, the former of which does not respond to phosphate manuring, yet 
his analyses of individual plants showed some grown on soil No. 6 to have ab- 
sorbed more phosphate than those grown on soil No. 5. It is clearly evident, 
however, in spite of his Conclusions, that the averages are in remarkable accord. 

He has further studied the influences of fertilization on the phosphate con- 
tent of the ash and shows that a greater increase in citrate soluble phossphate 
is to be found in those soils fertilized for extensive periods than is shown in the 
analysis of the plants grown thereon. Extensive analyses of plants grown from 
season to season at Rothamstead indicate that an unmanured plot, impoverished 
in all directions, may yield produce with much the same ash composition as one 
that is rich, being equally supplied in all directions. 

Root Crops 


Hall’s analyses of swedes are given in the following table and compared 
with the citrate soluble phosphate in the soil; 


Soil 

No. 

Per Cent, 
P 2 O 5 in Ash 

Per Cent. 

Cit. Sol. 

P 2 O 5 in Soil 

1 

8.96 

.0199 

9 

9.10 

.0129 

3 

10.56 

.0203 

4 

10.91 • 

.0123 

6 

11.18 

.0135 

6 

11.81 

.0088 # 

7 

12.77 

.0073 * 

8 

15.01 

..023 

9 

15.85 

.0324 


Soils Nos. 1 to 6 have given response to phosphate-«januring in. field experi- 
ments, while Nos 8 and 9 have not. In commenting on these results he says 
that Ihey are in very satisfactory accord. 
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Hall’s general conclusions are that the proportion of phosphate in the ash 
of any given plant varies with the amount available in the soil. The extent of 
this variation is, however, limited and often no greater than that due to varia- 
tion in season or other variations induced by difference in supply of ash con- 
stituents. These fluctuations are reduced to a minimum in the case of organs of 
plants which, like the grain of cereal crops and the tuber of potatoes, are manu- 
factured by the plant from material previously assimilated. Root crops like 
swedes and mangels are more affected by changes, the phosphate requirement of 
the soil being well indicated by the composition of the ash of swedes grown un- 
manured although the extraction of the soil with 1% citric acid gives more de- 
cisive information. 

While Hall’s conclusions appear more or less adverse to the value of plant 
analysis as compared to the extraction of tlie soil with 1% citric acid it is evident 
that he interpreted his data with the idea in mind of finding a plant which could 
be generally adapted to measuring phosphate deficiencies. 

Another extensive investigation in this field is that of B. Tollens-*. He 
mentions among the factors which influence the variation in the composition of 
the ash, stage of growth, the soil, fertilizers, available moisture, and thickness of 
stand. He has tabulated the variation in the ])hosphate content of the ash of 
some typical jdants as follows : 


J’Ijint— 

IVr (’ent. 
Ash 

I’or (.'I'lit. 
J'o().- ill Ash 

Meadow Hay 

2.2-11.4 

2.0-21..'! 

Kiiglish Rye Grass .... 

7.5-1.*). 

«.2-l().0 

Red (dover 

4. 5-9.2 

4.0-15.0 

Winter Wheat 

1.5-2.:) 

;u).2-5;h7 

Maize 

1.0-1. 7 

:i7.o-5;5.7 

Winter Wheat Straw. . . 

4.5-7.0 

2.2-8. 9 

Potato Tuiiers 

2. 2-5. 8 

S.4-27.1 

Potato Leaves 

5.2-12.1) 

2.0- 12.1 


He cites numerous experiments and analyses showing the composition of 
plant ash at various periods of growth and the needs of larger quantities of plant 
food at certain definite j)enods. Other experiments cited show variation in the 
composition of the ash of plants grown on different soils. The influence of fer- 
tilization on ash composition is also shown by experiments and analyses. Too 
much or too little water may influence the com])osition as shown by data cited, 
and the thickness of the stand is shown to be a factor in other analyses and ex- 
periments. 

Tollens, while he points out the need of more extensive study, says that the 
fertility of a soil might be measured by growing crops adapted to the particular 
soil and analysing the plant. 

Heinrich* has used the oat plant in measuring plant food defiiciencies and 
analysed only the roots. Where P 20 r. content of the dry root fell below .08-. 10% 
he concluded the soil was deficient. Dikow”, in similar work on barley, fixed 
the minimum at .13%) PjOg in the dry roots. Helenkampf® carried on similar 
work and concluded that when there was an increase in PaO.-, content of the dry 
matter of the crop as a result of fertilization the need was indicated. M. Stahl- 
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Shroder'^ tested Heinrich’s system of root analyses and also another method, 
using the seed analyses and found the former to be of no value and, while the 
latter was not of general application, he suggested that it might be applied to 
particular climatic and soil conditions. Savvin* working on small grain crops 
found that the total PaO# iti the straw and in the entire plant can indicate the 
need of fertilization. If the phosphate supply is abundant it enters the plant in 
greater quantity. Herbert and Truffaut" claim from their experiments that a 
rational basis for fertilization may be furnished by the analysis of typical plants 
grown under normal conditions. They claim that in a given species of plant 
grown on a given soil, the use of fertilizer increases the yield but does not affect 
the mineral composition. 

It is notable in reviewing the literature that little attention has been given to 
this method of studying soil deficiencies in United States. The only serious at- 
tempt is that of ■ Hartwelh" at the Rhode Island Experiment Station. At the 
outset of his experiments, using oats, millet and turnips, only in the latter crop 
did the per cent, phosphate appear to be markedly influenced by the available 
supply in the soil. He found a decided relation between the inorganic phosphate 
in the juice of the turnip and the available phosphate in the soil. His experiments 
were quite extensive and included analyses of crops from plot experiments in 
different sections of the state, grown under different soil conditions, environment, 
fertilization and moisture supply. The idea was to determine whether or not 
tj)« turnip could be applied generally over the state as a measure of available 
phosphate in the soils of the state. 

The following points which he cites may be of interest. The percentage of 
an ingredient in field crops iiiay depend on one or more variable factors which 
may or may not affect absorption in the same degree. Even if the extent of the 
influences could be determined there would still be the difficulty of knowing which 
of the factors influenced the growth. His work, however, showed that “the 
percentage of phosphate is quite variable in the turnip, depending at least con- 
siderably on the amount of phosphate available in the soil”. It is interesting 
to note that 70% of the phosphate in the turnip is inorganic and practically all 
soluble in the juice and that an increase in the supply of available phosphate in 
the soil increases the phosphate content of the juice in proportionately larger 
amounts than the total phosphate content of the turnip. 

It was found that in similar seasons the percentage of phosphate in the 
turnip from soils in different sections of the state usually varied in the same 
direction as the amount of available phosphate in the soil, and it seems probable, 
especially under similar climatic conditions, that the relative amount of available 
phosphate in different soils may be indicated by the relation between the per cent, 
phosphate in the turriips grown on those soils. To illustrate the variation in 
the per cent, phosphoric acid in the dry matter of the turiijf, .27% was found 
in the turnips grown on an extremely deficient soil while 1 . 62 % was found in 
those grown on a soil abundantly supplied. He calls attention to the variation 
in the per cent, phosphate with the age of the plant, being much higher in the 
young plants as compared with the mature. 

The writer” analysed buckwheat and millet plants grown in phosphate ex- 
p^riihents on Hawaiian soils deficient in phosphate with and without phosphate 



27 


manuring and found little or no variation in the phosphate content of the plants. 
Attempts were made to grow turnips and radishes in these same experiments 
but were abandoned due to inability to protect the large number of pots from 
insect ravages. 

Summary. 

A review of previous studies on the relation of available plant food to the 
mineral composition of the plant shows that this field of endeavor has not been 
given the attention in the United States which it has received in Europe. While 
more or less conflicting results have been obtained by different investigators, the 
more complete studies, we might conclude, indicate that the analysis of the cruslier 
juice should lend valuable information regarding the available plant food con- 
stituents in our soils. It should be remembered, however, that the composition 
of the plant mineral matter varies at different periods of growth, that the amount 
of several mineral nutrients which a soil must furnish to a crop in the earlier 
stages of growth is greater than the crop contents at maturity, and that in the 
specific case of phosphate in our own soils, where the fixing power is so high that 
little or none added as fertilizer goes below the first foot, indicates that where 
a response is obtained on Hawaiian soils, it is due principally to its stimulating 
influence on the young cane. 
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Sugar Cane Improvement. 



H8949, a seedling of H109, makes a good showing in comparison with the parent cane. 
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A field of seleeted Yellow Calcdoniu at .Hakalaii Plantation, 
planted June (i, 1922, and photop-apiied in October. Pho- 
tograjdi sulmiitted by J. M. Robertson. 



Wailuku No. 15, a promiaing seadling propagated in 1917, 
of Lahaina parentage, 
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Recent Bud Selection Work.* 


By A. D. Sham EL. 

Bud variations are of frequent occurrence in plants propagatedi by budding 
or other vegetative methods. As some one has said, “Variation is the only in- 
variable thing in nature.’’ The variations observed in vegetatively propagated 
plants may be classified, for the purpose of this discussion, as (1) those which 
are inherited, and (2) those which are not inherited. The inherited bud vari- 
ations are the ones of importance in this discussion as the others are largely the 
result of changing environmental influences and are not. so far as we now know, 
of any direct importance in the work for the improvement of plants through bud 
selection. 

The fundamental objects of our bud .selection work include (1) securing 
new and better varieties through the selection of striking and valuable inherent 
bud variations; (2) the isolation and propagation of strains of established and 
commercially valuable varieties which possess characteristics of greater merit 
or value than those of the parent varieties; and (3) the bringing up of the 
average performance of the population of valuable strains to that exhibited by 
the maximum individual performance, or, as nearly so as is found to be prac- 
ticable. 

The 'Washington navel orange is a striking example in the citrus of the pos- 
sibility of securing valuable varieties through the discovery and propagation of 
valuable bud mutations. About one half of the sugar production of the world 
derived from sugar cane is produced by varieties which originated as bud muta- 
tions. Within recent years a great industry has developed in the United, States 
in the propagation of varieties of the Boston fern which have originated as bud 
variations. An ever-increasing mass of evidence is accumulating which shows 
beyond any question of doubt the importance of bud variations as sources of 
improved varieties of plants. I have brought together some of this evidence 
which has been publi.shed by the Experiment Station of the Hawaiian Sugar 
Planters’ Association in a bulletin entitled, “The Improvement of Plants Through 
Bud Selection.” 

In our citrus varieties, as in other vegetatively propagated varieties of plants, 
numerous strains have originated as bud variations during the past fifty years 
and have been intentionally, or as has been more often the case, unintentionally 
propagated by nurserymen and growers. Some of, these strains are valuable 
for the economic production of food products, while others j^re undesirable and 
worthless for commercial propagation. ^ 

In these atrus varieties we have isolated through bud selection several ■ dis- 
tinct strains of each of the varieties studied. On account of the lack of time 
it is impossible to discuss this work in detail here, birt those who are interested 
will find it described in a series of U. S. Department of Agriculture bulletins : 
♦ . 

Vaper read at the meeting of tbe Lemon Men’s Club, California, August 2, 1922, 
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No. 623, A Study of Bud Variation in the Washington Navel Orange; No. 624, 
A Study, of Bud Variation in the Valencia Orange; No. 607. A Study of Bud 
Variation in the Marsh Orapefruit and No. 813, A Study of Bud Variation in 
the Eureka Lemon; and No. 815, A Study of Bud Variation in the Lisbon 
Lemon. 

In potatoes, sugar cane and many other crops, similar work for the isola- 
tion of strains has been or is now being carried on. When the strains have been 
isolated, their value compared and studied, the superior ones are multiplied 
through the propagation of the best individuals, and the inferior ones are elimi- 
nated so far as commercial propagation is concerned. 

In the valuable strains inherent variations in the hal)its of production of 
the individual trees or other plants have been discovered. I'hrough the selec- 
tion of inherently superior parent ])lants for j^ropagation it has been discovered 
that it is possible to bring up the average production of these strains to, -approxi- 
mately, that of the best individuals, in other words, to lay the foundation for 
the production of uniformly good crops. 

The great economic possibilities of bud selection work, in my opinion, lie in 
the third phase of this work. The Utah Agricultural Experiment Station present 
in their bulletin, No. 176, entitled, “Potato Improvement by Hill Selection,’’ def- 
inite scientific evidence on this point. The work described in this bulletin began 
with experimental propagations of good and poor potato hills in three com- 
mercial varieties. The progencies of the poor hills soon became so j^oor that 
their propagation had to be abandoned. As a result of the first experimental 
work, it was decided to concentrate on hill selections in the best variety. 

The accompanying table shows a sttmmary of the results of hill s(‘lection work 
with the Majestic variety as comi)ared with unsclected plant propagation material 
from the period from 1915 to 1920 inclusive. 

tma.iestk; potato vabiety 


Yield in Bushels per Acre. 


Yefir. 

Po(lij»roe Solet'tion 

Uusoleeted Stork 

Pedigroo Gain 

1915 ” 

310.7 

179.3 

137.4 

1910 

330.7 

191.2 

139.5 

1917 

382.4 

269.3 

113.1 

1918 

311.9 

202.4 

109.5 

1920 

140.9 

117.3 

29.0 

1919 

353.4 

184.8 

108.0 


307.0 

190.7 

116.3 


Not only was the yield increased through hill selection by more than 60 per 
cent., but the commercial quality of the pedigree crops was much higher than 
that of the unselected. The pedigree potatoes possessed more uniformly good size, 
shape and other important tuber characteristics than the unselected. 

. At the Central Experimental Farm of Canada, located at Ottawa, a recent 
report shows that the root-grafted progeny of a high yielding parent healthy 
apple tree has produced during nine years an average increase of more than 60 
per cent., as compared with the yield of a similar progeny from a low yielding 
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parent tree. In this instance there are no apparent type differences in foliage or 
fruit characteristics of the parent trees. Top worked prc^enies of these parent 
trees showed similar differences in behaviour to the root grafted progenies. 
Therefore we are forced to the conclusion that in this case the characteristic 
number or quantity of apples was transmitted frcm the parent trees to their 
progenies. 

An interesting progress report may be made upon the behaviour of several 
lemon progenies on the Limoneira and Sespe ranches. While there are no com- 
parative poor yielding progenies available for study in these instances the early, 
heavy, and uniformly g<»d production of the trees in their progenies grown from 
carefully selected buds secured from high yielding parent trees is significant. The 
members of this club win) have seen these trees are aware of the remarkable uni- 
formity of tree and fruit characteri.stics. These trees are so strikingly superior 
that they excite the admiration of every one who secs them. 


LEMON PROGENIES. 


Yield in Field Boxes \ter Tree. 


IJinoneira Lisbon Trees. 

Sespe Eureka 

Trees. 

(ioO Trees Planted iji 1913. 

823 Trees Planted 

in 1916. 

Year. 

Yield. 

Year. 

Yield. 

1917 (for 7 mo.) 0.69 



1918 

2.53 

1918 (for 7 mo.) 0.24 

1919 

3,83 

1919 

0.68 . 

1920 

5,45 

1920 

0.74 

1921 

7.36 

1921 

1.90 

1922 

10,00 Est. 

3922 

3.00 Est. 

(1922—7.57 for 7 months) 

(1922 — 2.26 for 7 months) 


While the Lisbon and Eureka progenies are located on different ranches 
with different environmental conditions and are not comparative, these yield data 
have been shown in the accompanying table for comparative years from the time 
of planting. Only very few bud variations have been found thus far amongst 
the 650 Lisbon trees and a similarly small number have appeared in the 823 
Eureka trees. The heavy yields of particularly uniformly good fruits in these 
progenies can be safely ascribed in large measure to bud selection. 

Other recent examples of similar improvements in yield, both as regards the 
quantity and the uniformly good commercial quantity, with several vegetatively 
propagated crops might be cited if time permitted. Enough ^has b^n said, I be- 
lieve, to demo,nstrate the great importance of this work irom the standpoint of 
profitable fruit growing and farming. A vast amount of work along this line 
is now 'under way with many crops and the future will show much greater 
progress than the past. We have just begun to realjze the significance of this 
work, to understand methods of parent plant selection and progeny tests, and to 
concentrate upon this subject, so that effective work is now possible. There 
is no mystery about it, only plain common sense, combined with intelligent apd 



33 


sustained effort. It requires work but the compensation for the work required 
is far beyond its cost. 

The work deemed necessary in order to maintain and improve our estab- 
lished varieties of citrus fruits and to secure its benefits may be divided into 
two phases, (1) investigation, and (2) commercial. 

The investigational bud selection work in the citrus conducted by the United 
States Department of Agriculture in California was begun in April, 1909, and 
has been continued uninterruptedly to date. It has included a systematic study 
of the important commercial varieties by means of individual tree studies in suit- 
ably isolated orchards. Most of this work has been carried on in privately owned 
orchards and with the hearty co-operation of the owners of these properties. It 
has been done with a minimum of expense. It has been continuous. It 
has been conducted from the standpoint of discovering the facts. The results 
have been presented from time to time through demonstrations, conferences with 
growers, and by means of publications which reach the citrus growers generally. 
All of this effort in co-operation with the growers, the organizations represent- 
ing the growers, and with all others concerned, has for its sole object the im- 
j)rovenicnt of production by the industry as a whole for the benefit of l)<)th the 
l)roducers and the consumers of citrus fruits. 

During the early stages of the investigational work the individual tree studies 
were carried on in estal)lished orchards. Many strains of the cstaldished varieties 
were discovered which have arisen from bud variations. Some of these strains 
were found to be valuable while many proved to be undesirable. Careful selec- 
tions of parent trees were made in the best strains, and progenies j)ropagated 
in order to lay the foundation for securing inherently superior strains. Some 
parent trees of inferior strains were selected for propagation so that a comparison 
of the progenies from selected trees of the good and jxx)r strains can l)c secured. 
High and low yielding parent trees in each of the important strains were selected 
for experimental propagation. We are now engaged in a study of the progency 
behaviour of these parent trees. Enough evidence has been secured thus far to 
warrant the statement that the superior and inferior strains of our citrus vari- 
eties can be isolated through bud selection. Furthermore, the progenies of the 
highest yielding parent trees have thus far given us the highest and best yields, 
while the progenies of the low yielding parent trees of these same strains have 
given us the lowest and most undesirable yields. Surely the members of this 
club will appreciate the tremendous and fundamental significance of these facts. 

The investigational work now under way is mainly concerned with the 
progeny behaviour of carefully selected parent trees. The object is to locate the 
best progenies for further propagation. In order to secure comparative data 
it is also essential to study the progenies of inferior parent trees. Enough of this 
work is being done to secure adequate comparative data. The main effort, how- 
ever, is to lay the foundation for further improvements of our valuable varieties 
by the propagation and study of a large number of progenies of the best trees. 

I am of the opinion that the established citrus varieties are the most valu- 
able possession of the citrus industry. Without them our efforts would go for 
naught. These varieties may' run out or deteriorate through the intentional or 
unintentional propagation of undesirable strains arising from bud variations. 


8 
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Through systematic bud selection we cannot only maintain our varieties, but also 
improve their production by eliminating the undesirable strains and propagating 
only the inherently supefior progenies. 

The commercial pha.se of this work is the practical use and application of the 
results of the investigational phase. It is being carried on by co-operative citrus 
organizations and by individual effort. In order to illustrate the development 
of this phase, the work of the Califprnia Fruit Growers’ Exchange will be cited. 
In May, 1917, this organization established a bud department of the Fruit Grow- 
ers' Supply Company. C. S. Milliken was placed in charge of this department 
and its success has been due to his untiring and unselfish efforts and the work of 
his associates. Since its organization this department has furnished to pro- 
pagators and growers more than 2,000,000 buds secured from sui)erior parent 
trees located in many of the best orchards in this state. The work has been 
self-supporting, a charge being made for the buds sufficient to cover the cost of 
securing and distributing them. In this work. Mr. Milliken has had the public- 
spirited support of the leading citrus growers from whose orchards the buds were 
secured, the nurserymen and growers using tlve buds, and of every one con- 
cerned with the future as well as the present welfare of the industry. This un- 
paralleled demonstration of co-operative effort has already inspired other indus- 
tries to similar effort and marks an epoch in the history of the world’s work 
for economic food production. While this work has been quietly carried on, 
and for this reason may have escaped the publicity often secured by more widely 
advertised efforts, it nevertheless appeals to me as the most imjwrtant and gen- 
uinely successful effort to develop and improve production by an industry as a 
whole thus far achieved in the history of mankind. It also demonstrates the 
possibility of an organized agricultural industry as a whole utilizing the results 
of scientific investigation. 

In conclusion, I want to di.scuss briefly from my point of view, some of the 
things remaining to be done in order to develop this work to its logical conclusion. 

From the investigational side, it appears to me that we are now ready to 
carry on a more effective search for improved bud variations as possible sources 
of improved strains and varieties. Owing to our very limited resources we ha\’e 
been able to do thus far only a small amount of systematic search for such bud 
variations. With the growing interest in this phase on the part of growers ancl 
through better resources it now seems possible to achieve this ambition. It 
means, as I understand it, the systematic search not only of our own orchards, 
but of citrus orchards in all parts of the world. We should concentrate not only 
upon California and Florida orchards, but study those in the Mediterranean 
region and other citrus districts as well. 

The progeny records now under way will require several years before final 
and conclusive data can be secured. Many more progeny studies than those 
now available must be made. It is in this pha.se of our work that our efforts 
will be most strongly concentrated during the ne^ few years. 

Co-operative individual tree performance records are of great value in this 
work. We desire the co-operation of all citrus growers in securing accurate 
in(}ividt|al trtife records of yields. From these data, as has already been demon- 
strated; definite and reliable information can be secured not only as to location 
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of superior or inferior producing trees, but as to the effects of different methods 
of cultural care and other conditions affecting citrus tree behavior. This in- 
dividual tree record work is not only of direct benefit to the grower performing 
it, but to the industry as a whole. Out of it is destined to come definite and ac- 
curate information as to orchard practices which will be of practical importance 
to every one concerned in this industry. 

The future work of the commercial phase, as I see it, includes not only (1) 
continuing the work of securing reliable bud wood from superior parent trees for 
propagation, but (2) the development of improved sources of bud wood through 
the selection of superior ])arent trees in the best progenies, (3) the development 
of reliable sources of supply of improved root stocks (4) the building up of 
authoritative information as to varietal adaptations, propagating and planting 
conditions, and the guiding of ]3ropagation work along safe and constructive 
lines, ( 5 ) the utilization of the results of scientific investigation along these and 
related lines so that the individual grower can secure the benefit of this work. 
This is an ambitious program, but one which experience has proven to be prac- 
ticable in the California citrus industry. 

In order to achieve success in both the investigational and the commercial 
phases of this work, the active co-operatiotUof all of the growers must be secured, 
'rhe members of this club, with whom 1 have had the pleasure of long and active 
association, have always led in such co-operative efforts. 1 feel that we have now 
reached a point where we can logically ask for your further co-oj^eration in the 
development of this project to its final and complete success. In this connec- 
tion as 1 now see it, more individual tree records in bearing orchards, and the 
lilanting of young orchards in such a way that progeny records can be secured, 
are the most important matters for consideration. 

\\c would like the opportunity of consulting with prospective j)Ianters in 
order that we, may help them plan the arrangement of progeny planting in the 
orchards. 1'his most important work has to l)c done when the orchards are 
planted. There are no disadvantages in the progeny form of planting. It lays the 
foundation for a steady and sound improvement of our varieties through progeny 
studies. In my oj)inion it is the most effective way through which bud selection 
work for the amelioration of our citrus fruits can be conducted. Therefore, the 
citrus planters who co-operate in this work will not only secure advantages accru- 
ing from this work, but will contribute directly and effectively to the future suc- 
cess of our industry. We ask for the co-oj^eration of the members of the Lemon 
Men's Club in this far-reaching and fundamental effort. 

We are ready and anxious to co-operate in all such work. It pays, not 
only individually but from the viewpoint of the progress of this industry as a 
whole. With concentrated effort and sustained interest on the part of every one 
concerned, I am convinced that much greater progress is probable during the next 
ten years than has been possible during the past ten years of pioneer effort. 
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Varieties at Kilauea. 


Kilauea Experiment 28, 1922 Crop. 

In this experiment, plant Yellow Caledonia cane produced more sugar than 
either D1135 or Badila. D1135 yielded more cane than Caledonia but, due to 
poorer juices, less sugar. Badila had slightly better juice than Caledonia, but 
this gain was more than offset by the larger tonnage of cane in the Caledonia 
and D1135 plots. All the cane was affected by rats, but the Badila suffered far 
more in this respect than did the other varieties. 

Variety test 

Kilauea S.R Co. Exp. Zi, )92£ Crop 
FieU 37. 


M 

1.2 

1.5 

1.4 

l.S 

I.C 

l.T 

1.8 

Y.C. 

Badila 

01 155 

Y.C. 

Bodila 

01155 

Y.C. 

Bodib 

34.35 

24.02 

32.94 

30.94 

25.90 

3B.d9 

35.35 

28.49 

2.1 

t,z 

2.3 

2.4 

2.5 

2.6 

2.7 

IB 

01135 

Y.C. 

BodTila 

D113S 

Y.C. 

Bodilo 

01155 

nn 

36.24 

30.09 

26.85 

36.85 

36.02 

28.36 

35.74 


3.1 

3.2 

3.3 

BJi 

3.5 

EM 

3.7 

5 

Btfdilo 

01135 

Y.C. 


D1I3S 


Bodila 

■jUHa 

e8.i4 

35.S5 

32j60 


31.57 

34.47 

26.43 


4.1 

4.2 

4.3 

4.4 

4.5 

4.6 

4.7 

4.8 

Y.C. 

B«dita 

DII3S 

Y.C. 

BcKfilo 

01135 

Y.C. 

Bodilo 

3I.T7 

CVI 

43.30 

39.63 

26.63 

40.53 

35.14 

31.02 


Sunimory of Results 


1 Variety 

EMI 

■WO 






1 Bodilo 

11 





11 




Idiiss I 

10 





The soil in the field in which these varieties were planted is heavy and com- 
paratively unproductive. Previous to planting, the entire field received a uni- 
form dose of stable manure and sand. One thousand pounds of reverted phos- 
phate were placed in the furrow with the seed. All plots received uniform doses 
of nitrogen totalling about 150 pounds per acre. 

The varieties were planted August, 1920. The Badila seed was spaced 
about three inches. The Caledonia seed was planted end to end and the D1135 
seed was lapp€d about one and a half. The harvesting results follow: — 


Plots 

Cane 

Q. B. 

Sugar 

Caledonia ....... 

34.08 

8.62 - 

' 4.00 

D1135 

36.57 


3.55 

BWila . 

27.90 

8.45 

3.30 
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The Badila. cane seems to ratoon very well in this section, probably even 
better than Caledonia or D1135, so the continuation of this experiment on the 
ratoon crops will be very interesting to watch. 

DETAir.s OF Experiment. 

Object — 

To determine the most profitable variety of cane to raise on the heavy 
mauka soils of Kilauea. 

Crop — 

Badila, Caledonia and D1135 plant cane. 

Location — 

Field 37. 

Layout — 

Number of plot.s — 32. 

Size of plots — 1/lOth acre (80.6' by 54'). 

Plots consist of 12 straight lines each 80.6' by 4.5'. 


Plan — 

Plots. No. of Pi.ots. Nitrogen. Rev. Piios. 

Badila 11 1.50 1000 

Caledonia 11 1.50 KXX) 

D1135 10 1.50 1000 


Experiment planned, laid out and harvested by J. II. Midkiff. 
Juice analyses by R. Spreckles. 


J. II. M. 
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Mole Cricket Injury at the Manoa Substation. 


• By O. H. SwEZEY. 

On November 4, 1922, my attention was called to the injury done by the 
mole cricket {Gryllotalpa africana) to seed cane planted in a newly cleared field 
at the Manoa substation. I visited the place with Y. Kutsunai and made obser- 
vations on the extent and nature of the work done by this insect. 

The field was nearly an acre in extent, and is situated in the midst of a 
grassy region where there is also much honohono, in a wet region near a small 
stream, and just beyond the other cane fields at the substation. It had been 
cleared up but a short time previously and had been planted almost immediately 
thereafter. In the planting each seed used had three eyes, but the two end eyes had 
been gouged out purposely, leaving only the middle one to grow. When the new 
shoots appeared above ground, the stand was so thin that, digging to ascertain the 
cause, the work of the cricket was revealed. Where no shoot had appeared 
above ground, the eye had been eaten out by a mole cricket. So many of these 
had been eaten that there was a stand only of twenty per cent. Some shoots had 
started and then had been gnawed into near the base so that they died. 

The injury by the crickets was not confined to the eyes, but the root-bands 
were gnawed off as well, and holes were eaten through the rind into the interior 
of the seed. These were of varying depths, from just starting to all the way 
through. They also ate into the ends of the seeds, usually completely excavating 
clear to the nodal tissue, and sometimes even penetrating this and traversing the 
full length of the seed. 

In examining this work it was sometimes found that half a dozen successive 
seeds were entirely destroyed. The crickets were found in burrows alongside 
of the seeds, or nearby. They were all adults. 

This is the first time that we have observed so great injuiy by the mole 
cricket in the Hawaiian Islands. The insect has been known on Oahu for a 
long while. It was first found on Kauai at Waimea in March, 1917. It is not 
yet known to the entomologists on the other islands. Heretofore its presence has 
been known at times in wet places on all the plantations of Oahu. The injury 
to the cane has been done chiefly by the crickets eating into the canes that were 
lying on the ground in wet places, and at times to a slight extent by eating out 
eyes of recently planted cuttings. Then, too, cause of complaint has been found 
due to the crickets burrowing into irrigation ditch banks, causing seepage and 
loss of water to the adjoining fields. 

A mole cricket of a different species occurs in Porto Rico and the West 
Indies, where it is one of th€ serious pests. In Porto Rico the best control 
measure in cane has been to plant the seed leaving on the le^f Sheaths, and plac- 
ing it in a slantirtg position so that one or more eyes are above Ihe surface, after- 
wards hilling slightly when the new shoots are started. 

In various parts of the world there are wasps which prey on mole crickets. 
F. X. Williams found two of these in the Philippines in-i921 and endeavored to 
introduce them into Hawaii. About one dozen adult wasps were liberated at the 
Manoa substation. No evidence of their having become established has been 
observed. 
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MOLE CRICKET AND INJURY TO CANE “HEED.” 


1. Adult Cricket, X 2. 

la. Front leg showing modification for digging, X 3. 

2. Caiie ‘^seed*^ sh^owing injury by mole cricket, XVa> 

2a. A young shoot has been eaten into and killed, and another new shoot has started below 
and at the left. 

2b. Where an eye has been eaten out. The root-band has al>»o been gnawed. 

2c. Hole eaten through the rind. 

3. A much eaten ^^seed,^' partially sectioned to show internal injury, X %. 

4. A Philippine wasp parasitic on the mole cricket, X 3%. 
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Points of Accuracy in Sucrose Determinations in Waste 

Molasses. 


By H. A. Cook. 

Influence of Zinc Dust on Volume of Solution for Invert Reading. 

When the Hawaiian Chemists’ Association adopted the new and simplified 
inversion method for the determination of sucrose in molasses and other sugar 
products, as proposed and worked out by Herbert S. Walker, supplimentary in- 
sruction sheets were sent out from this station. These instructions read in part 
as follows : 

Pippette 75 cc. of the original filtrate into a 100-110 ec. flask, add 2 cc. 1-1 hydro- 
chloric acid, mix, introduce a thermometer into the flask, which is then placed in a water 
bath heated to 70®^73® C. Shake occasionally till the thermometer in the flask indi- 
cates 65®-67® 0. Remove from the bath and add 10 cc. 1-1 HCL. Allow" the flask to stand 
nt room temperature for half an hour or longer; add a little more zinc dust than is necc'^- 
sary to precipitate the lead, cool to the temperature at w"hich the direct reading was 
made, and make up to 110 cc, with water at the same temperature. Mix thoroughly, 
filter and read the solution iii a 200 mm. water- jacketed tube, noting the temperature ac- 
curately, which should be within one degree of that for the direct reading. 

In the original work of Mr. Walker the directions read: 

Allow the flask to stand at room temperature for half an hour or longer, cool to the 
temperature at which the direct reading was made and make up to 110 cc. with winter at 
the same temperature. Mix thoroughly, add a little more zinc dust than is necessary, etc. 

It is noticed that in the original case the zinc dust was added after the solu- 
tion was made up to the required volume. Adding the zinc dust before making to 
the required volume will necessarily change the volume of the solution in the 
flask. How much of a change depends upon the amount of zinc dust added. 
The question has been raised several times as to how much this will influence 
the result of the sucrose determination. 

Some time ago I made a few analyses on molasses in connection with my 
routine work on the above question. The results are as follows : 


Sample 

No. 

Direct 

Reading 

Invert 

Reading 

(1) 

T"C. 

Invert 

Reading 

(2) 

T°C. 

Sucrose 

% 

(1) 

Suprose 

% 

(2) 

Differ- 

ence 

1 

31.32 


26.9 

—16.77 


37..38 

37.42 

0.04 

2 * 

27.87 

BiB 

27.1 

—16,72 


34.47 

34.67 


.3 

28.72 



—15.01 


33.97 

34.00 


4* 

28.76 

Bis 

27.4 

—14.57 


35.84 

35.96 


5^ 

30.35 

—17,65 

27.1 

—16.60 


37.37 

37.50 

■ni 

0 

30.20 

—14.56 

27.3 

—14.57 : 

27.3 

34.87 . 

1 34.88 

0.01 

7* 

27.47 

—17.53 


—17.68 

27.8 

35,07 ^ 

35.24 

0.17 

8 

26.26 

' —15.12 

27.5 

—15.15 

27.8 

31.48 

31.54 


9^ 

24.13 

—17.72 

27.3 

—17.75 

27.4 

32.61 

32.64 


10 * 

25.89 

—14.88 

27.4 

—15.09 

27.2 

. 31.78 

31.91 

■i 






Average 

34.48 

34.57 

0.09 


Wery dark solutions requiring largo amounts of zinc dust. 

A 
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Invert Reading (1) — Adding requisite amount of zinc before cooling and making to the 
mark. 

Invert Reading (2)==:Adding the requisite amount of zinc after cooling and making to the 
mark. 

Hucrose (1)=Adding requisite amount of zinc before cooling and making to the mark. 
Sucrose (2)=Adding requisite amount of zinc after cooling and making to the mark. 

The foregoing results show that the zinc should in all cases be added after 
the solution has been cooled, made to the proper volume and thoroughly mixed. 
However with the exception of the two results with the greatest difference, 0.20 
and 0.17, the results are as close as any method can be expected to check on a 
product like molasses. Even in these two instances the results are as close as it 
is often possible to come on very dark solutions such as these were. 

The difference in sucrose results shown above will make a difference in the 
gravity purity of the molasses as follows: Taking a brix of 88.5 and the sucrose 
showing the greatest difference, i. e., 0.20, there will be a difference of 0.23 in 
the gravity purity. Using the average difference in sucrose results, i. e., 0.09, 
there will be a difference of 0.10 in the gravity purity. 

lNFLrEN(^K OF -VARYING AMOUNTS OF AUTMINUM SULFATK ON THK DIRECT 
READING IN SUCROSE DETERMINATION. 

]"rom Browne’s Handbook of Sugar Analysis the following is taken: 

Action of Lead Suuacetate on Rotation of Fructose. 

Wbilo the Hpecifie rotation of suenme under tlie ordinary conditions of analysis is n(»t 
nioditied suflfieieiitly by subacetate of lead to introduce serious errors, the case is (Other- 
wise with fructose. Gill first showed, in 1871, that tlie s])eeific rotation of fructose wa.^ 
greatly diminished by the j)resenco of subacetate of lead, this decrease being so groat 
tliat in the presence of sufficient basic lead tlie rotation of invert sugar ( [oc] 20= — 20) 

D 

was changed to the right. This change in rotation is due to the formation of soluble 
de.\trotary lead fructosate, the presenee of which even in small amounts is sufficient to 
reduce the figure for the rotation of fructose cc J 20= — 02) below that of glucose 
(|alD=52.5). D 

I had occasion to verify the above in a series of sucrose determinations on 
molasses. The volume of solution used for the direct reading was changed from 
50-55cc. to 100-1 lOcc. without making sufficient increase in the amount of alumi- 
num sulfate added. The sucrose results obtained were all high. 

To show the effects of varying amounts of aiuminum sulfate the following 
readings were made on the same filtrate varying the dilution and the amount of 
aluminum sulfate added : 

1. 50cc. filtrate, Icc. aluminum sulfate, diluted to 55cc reading=12.28 

2. 50cc. filtrate, 2cc. aluminum sulfate, diluted to 55cc. reading=11.95 

3. 50cc. filtrate, 5cc. aluminum sulfate, diluted to 55cc. reading=11.96 

* 4. lOOcc. filtrate, 2cc. aluminum sulfate, diluted to llOcc. reading=12.32 

5. lOOcc. filtrate, 3cc. aluminum sulfate, diluted to llOcc. reading=11.95 

6. lOOcc. filtrate, 4cc. aluminum sulfate, diluted to llOcc. reading— 11.95 
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The following table gives comparisons of the sucrose results using the two 
different volumes and different amounts of aluminum sulfate : 


Sample 

No. 

Dilution.- 

« 

No. ec. 
Aluminum 
Sulfate 

Bej 

Direct 

idings 

Invert 

Temper- 
ature 
Degrees 0. 

Sucrose 

1 

100-110 

2 

12,16 

—5.77 

27.7 

30.99 

1 

50- 55 

2 

11.95 

—5.77 

28.0 

30.68 

1 

100-110 

3 

11.95 

—5.77 

28.0 

30.68 

1 

100-110 

4 

11.95 

—5.77 

28.0 

30.68 

2 

100-110 

2 

13.63 

—5.80 

28.6 

33.46 

2 

100-110 

4 

12.53 

—5.98 

27.4 

31.95 

2 

100-110 

5 

12.53 

—5.98 

27.4 

31.95 

3 

100-110 

2 

14.24 

—6.24 

27.5 

35.18 

3 

100-110 

4 

13.21 

—6.34 

27.9 

33.85 

3 

50- 55 

2 

13.14 

—6.34 

27.9 

,33.73 

4 

100-110 

2 

17.28 

—5.68 

29.5 

.39.10 

4 

100-110 

5 

17.17 

—5.73 

28.3 

38.82 

4 

50- 55 

2 

17.22 

—5.73 

28.3 

38.89 

4 

50- 55 

3 

17.16 

—5.73 

28.3 

38.79 

5 

100-110. 

2 

14.08 

—6.75 

27.5 

35.99 

5 

100-110 

4 


—6.98 

28.2 

34.74 

5 

50- 55 

2 


—6.98 

28.2 

34.74 

6 

100-110 

2 

13.01 

—6.07 

27.8 

32.95 

6 

100-110 

4 

12.13 

—6.30 

27.8 

32.06 


It is thus shown that it is essential that sufficient aluminum sulfate be added 
to restore the specific rotation of the fructose. It is shown that, for a volume 
of 50cc. diluted to 55cc. it requires 2cc. of a saturated solution of aluminum sul- 
fate, and for a volume of lOOcc. 4cc. of the aluminum solution is required. A 
little more does not influence the results. 

Influence of the Temperature on Inver.sion in Sucrose Determinations. 

In using Herzfeld’s modification of the Clerget method of analysis of sucrose 
it has always been maintained that in order to secure correct results 
it was necessary to follow very closely the details of procedure. This 
is especially true in regard to the amount of hydrochloric acid added and the 
details of heating. .This is to place the solution to be inverted into a water 
bath with the temperature so controlled that the solution will^each a temperature 
of 69°C. in 2^/2 to 5 minutes and maintain a temperature fif between 68° and 
69°C. for exactly five minutes, then cooling the solution to the required room 
temperature as rapidly as possible. 

In Browne’s Handbook of Sugar Analysis, page^2^j we find the following: 

The inversion method of Herzfeld gives correct results only when the prescribed con- 
ditions of concentration, amsrunt of acid, volume, temperature and time of inversion are 
carefully ifollowed. 
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In Mr. Walker’s modification of the Herzfeld method considerable study and 
attention was given to the temperature at which the hydrochloric acid was added 
to the solution. In this method the temperature has considerable wider latitude 
than in any other method, being between 65° and 67°C. 

In Sugar, Volume 24, May, 1922, is found the following extract: 

In using Herzfeld ’s modification of the Olerget method in the analysis of molasses, 
E. Freibauer confirmed Koydl ’s opinion (Oesterr. Z. Zukerind, 1897, 50.3) that it is un- 
necessary to limit closely the temperature at which the inversion with HCL takes 
place. The same results were obtained by placing the solution to be inverted for ten 
minutes in a water bath previously heated to 90° C. as at 09° C. 

As the above statement contradicted nearly all of the authors on the subject, 
I wished to test the method. Instead of using the Herzfeld modification, I used 
that in use by the H. C. A. which has been found in all cases to give results as 
close as those by the Herzfeld method. For comparison I used 7.5cc. of the 
filtrate, added 5cc. HCL Sp. Gr. 1.19, and placed the solution in a water bath 
heated to 90°C. for ten minutes. The results of five determinations are as 
follows : 


Snmjile 

Nu. 

Direct 

Reading 

Invert 

Reading 

H. C, A. 
Metliod 

invert 
Reading 
Heating 
to 90*^0. 

1 

Riicroso 

H. C. A. 
Method 

fSiicrose 

Frei- 

bauer 

Method 

[ 

Differ- 

ence 

1 


—17.65 

—16.72 

37.37 

36.60 

0.77 Lower 

0 

27.47 

— 17.5:i 

—15.52 

35.07 

33.61 

1.46 Lower 

3 

25,16 

— i5,:n 

—15.12 

31.53 

31.40 

0.13 Lower 

4 

24.i;i 

—17.72 

—16.48 

32.61 

31.63 

0.98 Lower 

n 

25.89 

—14.88 

—14.52 

31.78 

31.29 

0.49 Lower 


'I'he above results confirm all that has been maintained heretofore in follow- 
ing the details of the Herzfeld method. 


Carbon Bisulfide For Cane Grubs. 


Recent experiments in the use of carbon bisulfide for killing cane grubs 
in Queensland have proved successful, according to a report of these experi- 
ments carried on by the Colonial Sugar Refining Company at Greenhills, and 
reported on by E. Jarvis in the Australian Snj^^ar Journal, August 4, 1922. 

A photograph in the Journal showed a plot of l)adila cane, taken a few 
months after treatment, in which the section treated with carbon bisulfide was 
nine feet high, while the untreated section was only seven feet high, due to the 
effect of grubs feeding on the roots. The former received one-half ounce of 
carbon bisulfide to each stool (one- fourth ounce on each side) ; otherwise the 
conditions and care of both plots were the same. No mention is made of the 
cost of this treatment, but it was considered notat^ly successful. 
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It is pointed out that the carbon bisulfide should be applied as soon as it 
is known that grubs are present, before the cane has become affected, but not 
until the termination of, the egg-laying period. 

Mention is made of previous experiments ‘which showed it to be possible to 
fumigate successfully not only the grubs, but both pupae and eggs of the grey- 
back cane beetle. It is said that the egg shell, although leathery in texture, is 
slightly porous and offers little or no resistance to the entrance of bisulfide 
fumes. 

In an earlier report by J. F. Illingworth, published in Bulletin No. 8, Di- 
vision of Entomology, Queensland Bureau of Sugar Experiment Stations, 1919, 
success is ascribed to the use of carbon bisulfide at Gordonvale. About the 
same size charge was used and when applied to both sides of the stool it resulted 
in a complete killing of the grubs. 

In neither of the cases reported was there any mention of injury to the cane 
by the carbon bisulfide. In the second instance, however, Mr. Illingworth re- 
marks that “evidently the rains which followed a day or so after the application 
saved the cane from any ill-effects of the chemical.” 

O. H. S. 


Report of the Committee on Mill Equipment.* 


By W. v H. Duker. 

In preparing a report for this meeting your committee has had in view 
the benefit derived from frequently reviewing and discussing the various 
improvements made in our mill equipment during the past years, and has 
sent out a letter requesting the various members to ask what changes have 
been made either by installing or discarding equipment. 

It is important for all of us to know when something new comes up, and 
it is also of equal importance that we know when any novelty is later discarded 
and the reason why. 

Quite a number of replies have been received which should furnish ample 
material for discussion. 


REVOLVING KNIVES 

/ 

A few years ago no season passed but a new type of knives was pro- 
posed. Lately very .little has been said in this respect, and I think we are 
interested to know whether I am right in stating that at fine time we over- 
estimated the benefit derived from cutting up the cane v^ry finely, and that 
we have now gone back to the idea that the object has been fulfilled as long 
as the knives are so arranged that they level the cane down so as to assure 
an even feed. 


*Pre8ented Jit the First. Annual Meeting of the Association of Hawaiian Sugar 
Tfchiiologists, Hcmolulu, November lS-18, 1922. 

* 
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SHREDDERS 

Every now and then the question conics up as to whether or not the 
shredder is a successful part of the equipment, and if those who have installed 
one have found it an advantage. 

I have compiled a statement giving the results obtained in the factories 
equipped with shredders from 1914 on. 

I have compiled a statement giving the results obtained in the factories 
not be considered. But in practically every instance either the capacity or 
the extraction, or both, show an increase. This does not neces.sarily mean 
that a shredder is a desirable feature in every mill, and 1 think exjierience 
has shown that unless the other equipment of the factory balances with that 
of the mill equipment no success can be expected. 

FACTORY No. 34 





Tons Cane 





Crop 

Kquipinent 

per Hour 

dilution 

Kxtraetioii 



3914 

(^•uslier 60" 







12 R. M. 66" 

.14.41 

29.24 

96.75 



391.1 

Cruslior ()0" 







12 R. M. ()6" 

36..14 

41.16 

97.71 



1916 

(’runlior 60" 







12 R. M. 66" 

:j6.r);i 

19.S7 

98.0.') 



3917 

Knives 







S-54"12R. M.66" 

16.79 

41.4 

98.:; 1 



1918 

Crusher (>0" 







8 54" 12 R. M. 6()" 

17.61 

42.S 

98.40 



1919 

Crusher (iO" 







8 54" 12R. M.66" 

;*»9.29 

40.58 

98.58 



1920 

Crusher 60" 







8 54" 12 R. M. 66" 

17.01 

14.08 

98.61 



1921 

Crusher 60" 







S 54"32R. M.66" 

11.4 

42.1 

98.8 



FACTORY No. 10 


Crop 

Equipment 

Tons Cane 
per Hour 

Dilution 

Extraction 

1914 

Crusher 54" 

12 R. M. 72" 

53.75 

26.54 

96.20 

1915 

Knives Crusher 54" 

12 R. M. 72" 

55.98 

34.19 

96.32 

1916 

Knives Crusher 54" 

S-54" 12 R. M. 72" 

57.12 

42.38 

96.72 

1917 

Knives Crusher 54" 

S-54" 12 R. M. 72" 

59.55 

38.47 

97.25 

1918 

Knives (2) Crusher 54" 

S-54" 12 R. M. 72" 

57.68 

33.45 

97.22 

1919 

Knives Crusher 60" 

S-54" 12 R. M. 72" 

56.29 

36.34 

97.45 

1920 

Knives Crusher 72" 

8-72" 15 R. M. 72" 

61.04 

31.96 

98.12 

1921 

Knives (2) Crusher 72" 

S-72" 16 B. M. 72" 

62.77 

39.5 

97.84 
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FACTORY No. 16 


Crop 

Equipment 

Tons Cane 
per Hour 

Dilution 

Extraction 

1914 

Knives Crusher 72" 

12 E. M. 78" 

45.61 

29.33 

95.57 

1915 

Knives Crusher 72" 

12 E. M. 78" 

46.61 

31.40 

96.14 

1916 

Knives Crusher 72" 

S-72" 12 E. M. 78" 

42.51 

1 

37.43 

96.25 

1917 

Knives Crusher 72" 

S-72" 12 E. M. 78" 

42.27 

39.92 

96.91 

1918 

Knives (2) Crusher 72" 

S-72" 12 E. M. 78" 

42.04 

28.88 

97.40 

1919 

Knives Crusher 72" 

S-72" 12 E. M. 78" 

41.34 

36.4 

97.66 

1920 

Knives Crusher 72" 

S-72" 12 E. M. 78" 

42.39 

43.76 

97.98 

1921 

Knives Crusher 72" 

S-72" 12 E. M. 78" 

37.16 

40.55 

98.05 


factory No. 13 


Crop 

Equipment 

Tons Cane 
per Hour 

Dilution 

Extraction 

1914 

Knives Crusher 78" 

9 R. M. 78" 

40.02 

30. 36 

94.48 

1915 

Knives Crusher 78" 

9 E. M. 78" 

39.95 

35.0 

95.80 

1916 

Knives (2) 

S-54" 11 E. M. 78" 

39.37 

50.43 

97.49 

1917 

Knives (2) 

S-54" 11 E. M. 78" 

39.0 

48.2 

97.44 

1918 

Knives (2) 

S-54" 11 E. M. 78" 

39.4 

49.9 

97.26 

1919 

Knives (2) 

S-54" 11 E. M. 78" 

38.43 

47.6 

97.28 

1920 

Knives '(2) 

S-54" 11 E. M. 78" 

34.76 

48.84 

96.65 

1921 

Knives (2) 

S-54" 11 E. M. 78" 

33.3 

57,2 





i. 

1 


(1920 anj 1021, years of labor strike and shortage factory operated entire year.) 















FACTORY No. 6 


Crop 

Equipment 

Tons Cane 
per Hour 

Dilution 

Extraction 

1914 

Knives Crusher 72" 





12 R. M. 78" 

52.94 

33.66 

95.57 

1915 

Knives Crusher 72" 





S’54" (part of year) 12 R. M. 78" 

53.7(5 

35.98 

97.32 

191(5 

Knives Crusher 72" 





8-72" 12 R. M. 78" 

55.6 

40.27 

97.73 

1917 

Knives (2) Crusher 78" 





S 72" 12 R. M. 78" 

59.6 

35.18 

98.56 

1918 

Knives (2) Crusher 78" 





8-72" 12 R. M. 78" 

55.37 

39.18 

98.47 

1919 

Knives (2) Crusher 78" 





S 72" 12 R. M. 78" 

48.25 

50.(54 

98.99 

1920 

Knives (2) Crusher 78" 





S 72" 12 R. M. 78" 

58.08 

43.93 

98.92 

1921 

Knives (2) Crusher 78" 





8-72" 15 R. M. 78" 

!>. 

Cl 

30.0 

99.07 

FA(TORY No. 27 



Tons Cane 



C’rop 

Equipment 

per Hour 

Dilution 

Extraction 

1914 

Knives (’rusher 72" 





9 R. M, 78" 

30.7J 

30.8 

94.0 

1915 

Knives (’rusher 72" 





9 R. :sr. 78" 

37.84 

26.6 

94.3 

1910 

Knives (’rusher 72" 





9 R. M. 78" 

35.51 

34.3 

95.28 

1917 

Knives Crusher 72" 





9 R. M. 78" 

34.83 

40.89 

96.34 

1918 

Knives Crusher 72" 





12 R. M. 78" 

44.19 

32.4 

90.51 

1919 

Knives (Crusher 72" 





12 R. M. 78" 

36.57 

38.79 

95.77 

1920 

Knives Crusher 72" 





8-72 12 R. M. 78" 

45.15 

31.86 

97.25 

1921 

Knives Crusher 78" 





8*72 12 R. M. 78" 

45.03 

27.37 

97.10 


48 


FACTORY No. 36 


Crop 

Equipment 

Tons Cane 
per Hour 

Dilution 

Extraction 

1914 

Knives 3 R. Or. 78" 

9 R. M. 78" 

48.2 

32.6 

95.19 

1915 

Knives 3 B. Or. 78" i 

9 R. M. 78" 

46.5 

27.9 

96.10 

1916 

Knives 3 R. Cr. 78" 

9 R. M. 78" 

43.5 

24.8 

95.54 

1917 

, , Knives 

S-72" 12 R. M. 78" 

58.7 

31. 3 

96.56 

1918 

Knives 

S-72" 12 R. M. 78" 

53.7 

29.0 

96.60 

1919 

Knives 

S-72" 12 R. M. 78" 

49.64 

33.8 

! 

97.32 

1920 

Knives 

8-72" 12 R. M. 78" 

49.56 

35.3 

96.94 

3921 

Knives 

8-72" 12 R. M. 78" 

48.33 ' 

32.1 

96.83 


The increased capacity does not show up in the last three years, but in this case this 
is due to droughts which caused a lack of flunie water; the mill did not grind steadily, etc. 

MILLS 

The steel rollers which were once thought to solve the problem of the 
frequently reshelling or renewing of rollers have apparently lost out, but the 
following letter by Mr. Renton is instructive to show that the Hind-Renton . 
grooving after all has been responsible for the introduction of the deep gn)ov- 
ing, now found in many mills as a means to facilitate feeding. 

Mr. Renton writes as follows: 

One Steel Feed Boiler, 34 inches in diameter, 1 inch pitch grooving of 30° angle, 
was installed in No. 4 mill as a feed roller On December 1, 1914, and tho crop started a 
week later. 

This roller has been in continuous use since that date and is now in use completing 
its eighth crop. It is now 32 inches in diameter and will probably be scrapped this off- 
season. 

No. 4 mill is favorably situated in that the blanket from No. 3 mill of the first mill 
train passes through long conveyors and is tumbled around considerably before being 
spread in front of No. 4 mill of the second mill train. 

The No. 4 mill with the steel roller has never refused to feed even when returning a 
considerable quantity of No. 4 expressed juice in front of the fourth mill as well as all 
of No. 5 expressed juice. ^ 

One other new steel roller of % inch pitch, otherwise same .is above, is now on hand 
and was tried ftut as a feed roller in the sixth mill for the first iwo weeks of the 191(1 
crop, but with poor success as it did not feed well. It might be argued that the pitch 
being % inch less might afTect the results, but I am in(?lined to believe that the size of 
the fibers in the blanket being short did not give it the necessary gripping eflPect. Need- 
less to say it was a failure in the sixth mill. 

During the last several years conditions have not permitted the experimenting further 
along this line, but it is my intention to install this new steel feed roller at an early date, 
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if possible, in some mill ahead of the fifth and then T will be in a position to furnish 
further information. 

Begarding the Hind-Eenton Grooving*^ of which you make inc|uiry, I would say 
that in a measure, it is still with us. In order to feed the necessary tonnage here at Ewa, 
we departed from the old % inch pitch standard to % inch pitch throughout. Later the 
feed rollers were increased in pitch to inch with still better results in capacity. We 
are now going back to the fine grooving in top and back rolls, but retaining the % inch 
pitch feed rolls as well as juice grooves in the feed and back rolls. I believe this last 
combination is being adopted by nil factories grinding large toiuiage of cane. 

The Hind-Renton grooving is responsible for tlu* introduction of the coarse grooving. 


Mill-cheeks: There are still undesirable features in the present design of 
the mill cheeks, and particularly in the fact that only a small margin of roller 
wear is possible. 

Some years ago 33 inch diameter rollers were used, or recommended for 
use, to take the place of the regular 32 inch rollers. Perhaps .some of the 
engineers i)resent can give us information as to the success or failure of this 
experiment. 

Intermediate carriers: A new departure in this has been the introduction 
of the Meinecke chute, the construction of which is of course now known to 
every one, and as far as 1 know it has given full satisfaction wherever 
installed. 

Mill beds and cush-cush: Our i)ro1)lem of disposing of the cush-cush is 
still with us in the mills that have the old style mill beds. When we speak 
of this cush-cush wc mean the coarser material. The finer particles, which 
come under the name of sus])ended matter, are now receiving more and more 
attention since the general opinion now prevails that it is these fine particles 
which cause so much of the stickiness and gumni} ness of our after products. 

Mr. 11. C. Welle, Chief Chcmi.st for the California cS: Hawaiian Sugar 
Refinery Corporation, in a recent report on the (|ualitics of raw sugars, writes: 

Another jdiasc that possibly may be of greater interest to the refiner is the ])roba- 
bility that the extensive milling disintegrates the fiber of the cane to such a degree 
as to make it miieh more difiicult to remove the so called ^‘cush-cush” by means of 
screens, than ’would be the case with more moderate milling. 

It is purely surmise, but based on various definite observations, that this extremely 
finely divided solid material in suspension, when treated with lime at the high tempera- 
ture of the tubular beaters, is changed or partially changed into a gummy material such 
as dextran. 

In most eases the low grade jn-oduets wore noted to be very gummy indeed, and it may 
be that this theory may partly account for such a fact. 

A device tiesigned by Mr. S. S. Peck is now in operation in one of the 
factories on this island. Another screening device has been mentioned in the 
sugar journals and is of the following description : 


4 
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A test of the Carter Automatic Juice Strainer manufactured by the Horton-Brown 
Corporation, 149 Broadway, New York City^ was recently made in connection with the 
straining of cold cane jiuice, and some interesting data secured as a result. One of 
these machines was installed by the West Indian Sugar Finance Corporation at its 
Central Consuelo in the Dominion Bepublie for the purpose of operating on the cold 
juice. Since 1916 this factory has been using a Carter Automatic Juice Strainer on hot 
juice with great success, handling the entire output of the factory with a grinding 
capacity of 2,800 tons of cane per day. 



This season it was decided to try one of these machines on the cold juice. The test 
was successful. One hundred thousand bags of sugar have been made to date. 

The juice, for convenience in testing out this machine on cold products, is weighed 
and limed first. The common receiving tank from the scales is used as the supply for 
the strainer which is situated on the same floor as the juice heaters. The juice flows 
by gravity from the supply tank, feet 5 inches above thej inlet nozzle on the strainer, 
driving the machine 40 r. p. m. 

The suspended matter removed from the juice flows by gravity through the mud pipe 
beneath the strainer, from which it is pumped through the heate^. 

The suspended matter removed from the juice flows by gra’ ity through the mud pipe 
at the bottom 6f the strainer to the mud canal under the defecators, with the volume of 
a one-inch pipe of juice escaping with it. This small volume of unstrained juice passes 
over the screen surface and keeps them clean, at the sjjnie time conveying the separated 
matter wherever desired. 

With this arrangement, the bagacillo passing through the mill strainer is prevented 
from being healed, or passing into the defecators or evaporators. Through the mud 
tanks, the solid matter removed by the cold strainer reaches the filter presses. 


51 


The sizing given the bagiicillo after passing the final screen and the cold strainer, 
which has an opening of 0.0115 inch, is believed to be large enough to make a porus 
filtering material, which would allow the removed bagacillo to be returned to the mills. 

The mill juice strainer is 12 mesh brass punched plate with 144 holes per square 
inch; size of opening 0,053 inch. 

The Carter strainer has three sets of twilled monel metal wire cloth screens as fol- 
lows: first screen, 20 mesh, holes per square inch 400, size opening .0220 inch; second 
screen 30 mesh, holes 900, size opening .0103 inch; third screen, 40 mesh, holes per 
square inch 1600, size opening .0115 inch. 

Upward of 17,000 pounds of bagacillo is removed from the cold juice each 24 hours 
from the juice of 2800 tons of cane. Before straining the cold juice, 2500 pounds of 
bagacillo was being removed from the clarified juice each 24 hours on average cane, by 
the hot juice strainer, and much )iiore on burnt cane. 

Since installing the cold machine, the bagacillc has decreased from 2,500 pounds 
in the hot juice, to less than 500 pounds in 24 hours. 

The percentage of mud from the defecators has decreased, much more clear juice 
is recovered, and the juice settles more readily. The general clarification is improved 
and the heaters, defecators, and evaporators are frc(‘ from the scale and deposits of 
former years. The fabrication department can handle more juice than in former times. 

Tlu‘ following’ is an extract from a letter received from The Horton- 
Brown Corporation regarding this strainer: 

The foregoing rc'pres/nts tlu* Infest method for handling raw juice and takes the 
pl.Mco of the method described on the insert in the booklet. From this you will note 
that the raw juice is being stiained before it is limed. 

A number of factories do not have sufficient head room to use a gravity drive and 
for these conditions different methods for o])erating the Farter Strainer have been 
developed. One nu'thod consists of a mechanical drive which is placed on t!ic top of the 
strainer. This <irivo is made up of a bevel jnnion which is fitted to the central shaft 
extending from the top of the strainer. The ])ower is taken from a bevel gear mounted 
on shaft running parallel to the toj) of the machine. On the outside end of the shaft 
are placed either tight and loose pulleys, to take a belt from the line shaft in the factory, 
or a single pulley, to take a belt from a motor. 

With the above outlines, we believe you will be able tt) form a good idea of just 
wliat the Farter Juice Strainer may be expected to accomplish. We would like, how^ever, 
for you to keep in mind tliat the Farter .Strainer is a STKAINER and not a filter. We find 
that a grejit many people endeavor to make a. filter out of a strainer, and by so doing 
spoil any good results thnt might otherwise be obtained. 

In IciwSt year’s report of this committee and on several other occasions 
the question was brought up : ‘‘How much of this high extraction sugar do 
we get in the bags?*’, and therefore any definite data are always taken up with 
considerable interest. The following is a report by J. I.ewis Renton, mill super- 
intendent, on the recent experiences at Ewa: 

Unloader chain on Uregg Unloader wras changed to heavier link chain of a different 
make, thereby reducing the delay due to the unloader from four hours per week to less 
than one-half hour per week stojipages for that station. The original chain was not only 
lighter in construction, but the material was very poor and gave trouble even when nowr, 
particularly the last new lot purchased. 

Meinecke Intermediate Carriers were installed in the second nine roller mill train, 
or “B MilP^ during the period February 14 to May 20, 1922, when this mill w^as shut 
down for repairs. Mr. Purcell, the Chief Engineer, reports that '‘During the thirteen 
weeks the new Meinecke Intermediate Carriers have been in operation no delays for 
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repajlrs or adjustments have been necessary, though a little extra attention was necessary 
for the first few days. Sunday work on scraper upkeep about the same as formerly.^ ^ 

Juice pans of an improved type were installed in this Mill^^ train during this 
same shut down period. These juice pans are of the deep steep-sloping side pattern being 
45% slope under the back roll and sides, and 30% slope under the feed roller; the idea 
being that there is so much liquid expressed by the feed roller that the slope under the 
feed roller will be washed clean of any accumulation of cush-cush and the remaining 
slopes BO steep that cush-cush cannot lodge on same, keeping the entire pan as sanitary 
as possible and eliminating any pockets or accumulations where souring might take place. 
Would recommend making slope under back roller still steeper than 45%, This installa- 
tion is a big improvement over the juice pans previously used, and does away with one 
man keepiif^ the juice pans clean. 

Mr. Orth, the Chief Chemist, reports ‘‘There is considerably less difference in purities 
between crusher juice and normal juice, mixed juice and syrup in 1922 than in 1921 and 
1919. 1921 may be considered abnormal but 1919 is regarded here as a normal year. 

We did have about 15% less dilution on an average so far this season and this may 
have some influence on the purities, but I am inclined to give most credit for the im- 
provement to the cleaner conditions around the mill. That the differences in the figures 
during the 18-roller mill period this year are not larger than when grinding with a 
9-roller mill is, in my opinion, in a great measure due to the new conveyors and juice 
pans, which can be kept clean easily. 



1922 

1921 

1919 


9 EM 

18 EM 

18 EM 

18 EM 


Period 

Period ' 

Period 

Period 

Crusher juice app. pur. : 

87.62 

86.56 

84.15 

86.30 

Normal juice 

84.04 

83.36 

78.86 

81.83 

Mixed juice 

84.70 

83.82 

79.37 

82.61 

Syrup 

86.16 

85.19 

80.97 

84.28 

Cr. J. nor. juice 

3.58 

3.20 

5.29 

4.47 

Cr. J. mix. juice 

2.92 

2.74 

4.78 

3.65 

Cr. J. syrup 

1.46 

1,37 

3.18 

2.02 


During the foregoing forced shut down of “B Mill’', the second 9-roller mill train, 
“A Mill", continued grinding from February 14 to May 20, 1922. The equipment of 
“A Mill" consists of two 72 knife sets, two roller crusher 32"x78", and 9-roller mill 
34"x78". 

Becords were kept on cost and recoveries. It was found that it cost very close to 
$1.00 a ton of sugar manufactured to operate the second mill train or ‘‘B Mill" and 
that the extra 4% higher extractiou more than paid for this extra expense. 

The formula used to figure out the increased return in dollars of an 18-roller mill 
above what would have befen received if operating as a 9-roller mill was: 

S = X y — (A + B), 

S = Increased return in dollars 18-roller mill over 9-roller mill. 

X = Tons sugar recovered due to higher extraction. ^ 

Y = Dollars received per ton sugar. 

A = Extra colt of manufacturing. 

B = Extra cost of marketing X tons of sugar. 

From the above the following table was computed for varying prices of sugar and 
varying syrup purities: 



INCREASE RETURN IN DOLLARS OF 18-ROLLER MILL OVER 9-ROLLER MILt. 


ASSUME 285,715 tons eano per crop. 
14% Sucrose in cane (about 13.7 I’ol’n.). 
98% Extraction with 18-rolier Mill. 

94% Extraction with 9-roller Mill. 


Price received 
for sugar. 

Dollars per Ton. 

PURITY OF SYRUP 

70 

75 

80 j 85 

90 

$110.00 

$87,604. 

$94,3ir>. 

$99,758. 1 $105,004. 

$109,339. 

100.00 

75,826. 

81,640. 

86,342. 1 90,886. 

94,636. 

90.00 

64,048. 

68,965. 

72,926. 1 76,768. 

79,933. 

80.00 

5‘2,270. 

56,290. 

59,510. } 62,650. 

65,230. 


Mr. Nolan, the Sugar Boiler, states that ‘‘during the 9-roller period, one 
crystallizer was filled for each 63.9 tons of sugar bagged, and during the 18-roller mill 
period, one crystallizer was filled for each 57 tons of sugar bagged. He also reports 
that during the 9-roller mill period the evaporators were cleaner, requiring only one gang 
of five men for each Sunday, as compared to two or three gangs of five men each when 
running an 18-roller mill. He further reports that the boiling of both first and second 
sugars was easier during the 9-roller mill ])eriod. No noticeable change was observed in 
clarification when we changed from a 9-roller to a]i 18-roller mill or in the mud press 
station. ^ ^ 

The tons sugar recovered due to higher extraction was computed from data obtained 
during the 9-roller mill period from February 14 to May 20, 1922, as compared with 4he 
18-roller mill period from May 20 to duly 22, 1922. 

Tlie gravity purity of the waste molasses was the same in both cases, namely 37.12. 
The tons of waste molasses per ton sucrose in sugar for the 9-roller mill period was 0.255 
and for the 18-roller mill 0.236. This alight difference may be an error in estimating 
molasses in stock and, for this experiment, may be considered the same. 

Sucrose balances for the two periods mentioned above are enclosed for those in- 
terested. 



9 -roller mill period 18 -roller mill period 

February 14 to May 20 , 1922 . May 20 to July 22 , 1922 . 
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Comparison of 

Theoretical boiling house recovery* 

Extraction 

Actual boiling house recovery 

Total recovery 

Gain in extraction 

Gain in total recovery 


9-Kolier Period and 18 Roller Period 


91.85 1 

1 91.28 

94.07 

97.98 

91.70 

92.05 

86.26 

90.19 

.... 

3.91 

1 

3.93 


*Sugftr purities were equalized (98. «2) . Molasses purities happenrd to l.e alike, so that the dif- 
ference of 0.57 is due only to diflFerence in syrup purities. This 0.57 is added to the actual boiling house 
recovery in the 18-roller period to make the figures comparable with the O-rollcr perh)d. 


Mr. Herbert Walker, Superitendent of Pioneer Mill Company, adds tlie 
following : 

The now equipment put in at Pioneer for the 1922 crop was, two calandria pans, 1400 
cubic feet, 1700 square feet h. s. each, a separate juice strainer and ciish-ciish returned for 
the fifth mill, and a Mcineeke type intermediate conveyor between the first and second 
mills. 

The new’ pans have been a great holfi to us in several respects. The extrji heating 
surface allows us to boil entirely with ‘exhaust steam except for about half an hour when 
boiling down. Dividing the number one sugar pans in three units inst(*ad of two keeps 
at least one pan going all the time and helps balance the demand for steam, so that we 
are able to utilize all the exhaust from the mill engines and the turbine even when gen- 
erating more electric power than the mill needs. The exhaust pressure has b(*en reduced 
to between 0 and 4 jjounds. The installation of these pans seems to have been the finishing 
touch needed to complete our steam economy program, and for the first lime on record 
we have gone through a season without burning extra fuel. 1 think the new evajmrator 
put in for 1921 was probably needed more than the jams, but the combination w’as neces- 
sary to get the best results. The additional equipment released for low^ grade work the 
large pan formerly used for commercial sugar, and, given more time for boiling, tlie low 
graflc grain was increased to an average of .3 to .3 inin., about double the former size, 
w’hich made it possible to dry all our massecuite without dilution or heat and resulted in a 
much lower w’aste molasses purity. The shipping sugar grain was also increased in size 
to about 10% ‘‘total smair\ I have not heard wdiethcr or not this was considered an 
improvement. 

The separate cush-eush returning system for the last mill lieljaMl to reduce the macera- 
tion needed without sacrificing extraction. It also reduced very slightly the amount of 
suspended solids in the mixed juice. 

In my report to you last year I suggested that experiments be carried out to deter- 
mine how much sugar actually could be obtained from last mill juice under conditions of 
high extraction, high ash and low glucose. Results obtained here during the 1922 crop 
indicate that a low glucose — ash ratio does not of itself prevent crystallization dow’n to a 
fairly low purity molasses. During a period of several weeks our waste molasses averaged 
less than 34 gravity purity and contained more ash than glucose. 

JUICE HEATERS. 

Mr. E. Kopke of the Honolqlu Iron Works, who is the author of several in- 
teresting articles and studies on this subject, described a newly designed healer in a 
report last year to the H. S. P. A. Because the Mill Engineers’ Association has 
had no regular meeting during the last two years, this information might have 
escaped the attention of many and is therefore incorporated in this report. 



1. The actual temperature difference between the steam and juice. 

2. The conductibility of the dividing partition (heating surface). 

3. The voidance of the condensate that forms on the heating surface. 

4. The velocity with which the juice flows along the healing surface on the 

other side. . * 

The improvements of the juice heater under consideration, made by the Hono- 
lulu Iron Works, are diagrammatically illustrated herewith. It accomplishes two 
things ; Voiding the condensate as it forms over the tubes,, and bringing about a 
decided steam velocity along the tubes. The direction of the steam flow is 
prac^cally counter-current to the flow of the juice. 
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Referring to the cuts, the front plate shows the lay out of the tubes. The 
rows of tubes are slanting. Section A A shows the arrangement of tubes as 
shown in the front plate and the steam baffle, condensate drain plates, bottom and 
top air vent, also the steam inlet nozzle and condensate outlet. Fig. H is a 
diagrammatical length section of the heater. 



Tumas' TO BK’ TCTj-i SO tsfro c./. /-bcbb 
rx/BB J MSBT T/r-tar, 


The steam enters through the upper nozzle in the comparatively large space 
of the cell above the upper slanting steam baffle or condensate drain plate. Tlie 
plate is placed close against the head nearest tlie steam inlet nozzle, but leaves 
an open space between it and the opposite head. The steam is induced to flow, 
as indicated by the arrows, along the upper bank of tubes, and to turn at the 
end of the plate down into the next lower space. This flowing to and fro of the 
steam is Yepeated as often as there are ])lates in the cell until it is condensed 
and flows off through the condensate outlet. 

The comparatively high steam velocity induced by the partidoning with baffle 
plates aids the separation of condensate from the tubes. The drip from the upper 
bank of tubes falls on to the slanting pla'e, and is delivered to the shell of the 
heater away from the next lower one. Between the edge of the plate and the 
shell is ample space to allow the condensate to flow through. Ihe same occurs, of 
course, in the rest of the compartments until the outlet is reached. 


Another important feature embodied in this design is that the baffle plates are 
placed so that the cross sections of the different compartments decrease in area 
from the top down. Th^ steam is reduced in volume through loss of heat from 
one compartment to the next, but an approximately even steam velocity is 
maintained. 

The sum of these changes in design from the old one has invariably increased 
the capacity of the healer per square foot heating surface 100%. This has been 
shown in numerous installations in Cuba, and also in the first one here in Hawaii. 

In recent years quite a few of the juice healer juice heads used to crack, 
as well as the doors. Whether this breaking is due to faulty design or to careless 
operating has been the subject of dispute many times. 

The sketch submitted here, and contributed by Mr. A. Ewart, shows a new 
method of repair' or rather a way to eliminate the danger of juice getting into 
the steam space. A one-half inch steel plate is placed right back of the tube-head 
which latter part must first be planed and the steel plate made a close fit. 

Still another type of juice heater is the one .illustrated on next page and 
designed by Mr. T. Terry, who writes as follows: 

The chief points of attraction in this design of juice heater are; 

1. The counterflow principle between the juice in the tubes and the steam outside 
is 100%. 

2. The condensate is drained rapidly from each group of tubes and is thus elimi- 
nated from interfering with the efficiency of other tubes, 

3. All tubes are equally supplied with the available steam directly from tlie supply 
manifold. 

4. The square feet of heating surface can be increased when necessary by purchasing 
extra sections. 

5. The covers and heads are not subject to breakage and yet can be removed easily 
for cleaning. 
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CLARIFICATION. 


Ever since the news passed around that two of the largest factories had 
decided to adopt the Thomas and Petree process, a keen interest is felt in the 
exact construction and mode of operating the Dorr Clarifier which forms a part 
of the equipment. 

The cut herewith represents a clarifier 20 feet in diameter and is rated to 
take the juice of 2,000 tons of cane per day. 

A circular tank “A” 20 feet in diameter by 14 feet high, has a conical bot- 
tom. “B” is firmly bedded in concrete. The tank is divided into four com- 
partments, C — 1, C— 2, C — 3, C — 4. The divisions are made by circular conical 
plates “D” fastened tightly to the periphery of the tank “A.” The slope of the 
cone towards the' center is the same as that of the bottom. 

On the upper division plate “D” rests the feed well “E” about 8 feet in 
diameter by 2 feet 6 inches deep. The feed well “E” is provided with a juice 
inlet pipe “F” with revolving skimming paddles “G” and a discharge outlet “H” 
to a launder “ 1 ” for conveying skimmings. 

In the center of the tank is placed a vertical shaft “J" which revolves once in 
six minutes. On this shaft are fastened arms “K” which carry scrapers “L” 
that touch the conical plates “D.” The feed well “E” has a central tube “M” 
reaching into the compartment below it and in a like way from subsequent com- 
partments to the next below. 

The center of the tank bottom is connected to a 4 inch pipe “N” which 
conducts by the suction of the pump “O” the mud to the mudpresses. The 
clear juice is drawn from each compartment at three equally spaced points “P" 
at the highest part of the compartment near the periphery of the tank. 

The clear juice pipes “Q” from each of the compartments ■ are connected 
separately outside the tank to an overflow box “R.” The top edge of this box is 
level with the feed well overflow. The height of overflow can be regulated 
separately by screw and handwheel operated sleeves “S” and' the rate of flow 
increased or decreased by this adjustment. Air vents “T” and manholes “U” 
with covers are provided. 

The following contribution was received from Mr. W. L. McCleery, Assistant 
Sugar Technologist of the H. S. P. A. Experiment Station: 

• / 

My experience with the Dorr Cla'rific^r, or Dorr Thiclcner as it is called on the main- 
land, was in its use in beet sugar work in the Steffens molasses desugarizing process. It 
was used as a thickner. in concentrating the precipitate in hot waste. Approximately 
80% of the volume of material fed to the Dorr overflowed as an absolutely clean liquid, 
and the remaining 20% was a mud drawn off at the bottom which j^was then filtered on 
vacuum filters. 

The apparatus is simple in construction, and consists of an insulated and closed steel 
tank, equipped with several steel trays which form settling compartments connected with 
each ;othet by central openings. There is a very slow moving vertical shaft arranged 
with arms to sweep the surface of each tray. The'" shaft revolves once in about seven or 
eight jninutjes so that the power required to drive the mechanism is very small There is 
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a so called ‘loading well'' attached to the cover, in which skimmers, operated by the 
central shaft, remove all foam. Our overflow was always equal to the finest filtration 
when the material was heated correctly to give a good settling rate. The temperature 
loss was not over 3® Centigrade. It does not require a skilled man to operate the 
installation. In fact^ when once adjusted and with* regular running very little attention 
is required. 

It is my opinion that this clarifier would be very satisfactory when operating on 
cane juices. The floor space occupied is much less than required with the usual form 
of settling tanks used in these Islands. ,Tho time that the material is in process should 
be much less, and the temperature loss is very small compared with that of intermittant 
settling. The moving scrapers in the bottoms of the trays should make the apparatus 
self cleaning, which is an advantage over our present operations. The Dorr installations, 
however, should be sufliciently large to take care of slow settling juices, as with the 
present intermittant form of settling, if a small batch of poor settling juice is encountered 
the tanks containing the poor settling juice can be held out of their turn, if necessary, 
without slowing down the factory to a very great extent. The Dorr therefore does not 
have this flexibility that intermittant settlers have. 

With good settling juices the Dorr should prove very satisfactory. With poor juices 
chances will have to be taken on having sufficient settling capacity. It is j>ossible that 
the latter juices may work better in the Dorr than in the usual settlers, because the 
Dorr is very well insulated, not only to conserve heat, but to prevent the setting up of 
convection currents in the juice due to unequal temperatures. There must be a large 
amount of these convection 'currents sot up in many of our intermittant tanks, duo to 
the small amount of insulation used and lack of covers. This is a great detriment to 
efficient settling of juices which have a tendency to settle poorly^ 

In connection with fine juice-screens to remove suspended matter from the 
clarified juice, Mr. Raymond Elliott, Chemist of the Paauhau Sugar Company, 
writes : 

During the early part of the 1922 crop, the Gartley Bagasse Juice Filters were dis- 
carded. It was thought that a revolving screen would do the work just as well and at 
the same time release two men for field work. 

The revolving screen installed was 30 inches in diameter by 54 inches long, having 
. 35.3 square feet screening area. The screen was 50 mesh, brass woven wire. After several 
days the screen began to crack and tear, due to the expansion and contraction of the heat. 
After replacing, the same thing happened again and a flat screen was installed. This 
screen is a 50 mesh Monel metal woven wire, 54 inches wide by 43 inches long, giving 
18 square feet screening area, and is backed by an old mill juice screen. The angle 
measured from the horizontal is 13.5 degrees. 

The juice from the clarifiers flows to an iron box, where the front is cut away, so 
as to distribute. the juice evenly over the surface. The screenings are raked off with a soft 
wooden hoe, iiito a round flume, connected with running water, which flushes it to the 
mud tanks. The man who' tends the evaporator, also looks after the screen. The flat 
screen has not given any trouble and is just as good as the day it was put in. 

The following tabulation, taken from data supplied by the Crockett refinery, 
shows the progress made in the attempt to reduce the qi^tity of suspended 
solids in the raw sugar; 
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1916 

1917 

1918 

1919 

1920 

1921 

Hawaiian Commercial & Bugar Co 

.060 

.033 

.041 

.051 

.035 

.024 

Maui Agricultural Co 

.070 

.052 

.090 

.107 

.075 

.073 

Kahuku Plantation Co 

.078 

.042 

.056 

.053 

.070 

.051 

Hutchinson Sugar Plantation Co 

.047 

.040 

.041 

.065 

.047 

.046 

McBryde 

.037 

.035 

.054 

.076 

.068 

.064 

Wailuku 

.049 

.043 

.076 

.110 

.113 

.132 

Hawaiian Agricultural Co 

.030 

.050 

.079 

.087 

.065 

.052 

Onomea 

.051 i 

.045 

.047 

.061 

.052 

.040 

Pepeekeo 

.040 

.043 

.031 

.058 

.046 

.036 

Honomu 

.041 

.035 

.040 

.045 

.041 

.035 

Hawaii Mill 

— 

.031 

.033 

.042 

.037 

.034 

Kaiwiki Sugar Co 

.040 

.043 

.064 

.047 

.045 

.064 

Hamakiia Mill Co 

.094 

.061 

.147 

.117 

' .119 

.098 

Laupahoehoe Sugar Co i 

.138 

.108 

.157 

.085 

.062 

.069 

Waiakca Mill Co 

.075 

.056 

.086 

.070 

; .0.53 

.036 

Union Mill 

— ; 

.206 

.205 

.243 

.196 

1 .113 

Ola a Sugar Co 

.113 

.097 

1 , 

: .097 

.105 

' .074 

.086 

Oahu Sugar Co 

.049 

.047 

.065 1 

.111 

.065 

.041 

Kipahulu 

.... 

.064 

.146 ' 

.134 

.160 


Pioneer 

.059 

.044 

.038 

.064 

! . 055 

.048 

Koloa . 


.053 

1 

1 

.061 

.071 

.064 

' .064 

Makee 

.073 

1 

.060 

.057 , 

.073 , 

.044 

.047 

Ewa Plantation Co 

.075 ' 

.045 ! 

.068 j 

.072 

.045 

.043 

Kohala 

.061 . 

.058 

.056 1 

.060 

.... 

.046 

Honokaa 

.054 

.052 , 

.143 

.079 ’ 

.096 

.116 

Hawi i 

.049 

.049 

.038 

.076 i 

.058 

.048 


entrainme:nt. 

Quite a few factories are again experimenting with different devices to reduce 
juice entrainment. 

Mr. E. Kopke writes as follows in a recent publication : 

Entrainment may be caused (a) by splashing, (b) by finely divided particles of the 
sugar-coiitaining-mass being carried along with vapors (this is called “vesicular trans- 
ference “) and (c) by “creeping, “ (a film of juice having been deposited on the sides of 
the cell or vapor-pine is induced to creep in direction of the flow of vapors and finally 
becomes lost in the condenser), or by (d) drain pipe from save-all short circuiting into 
vapor space of cell instead of into the body of juice in cell or through a IT-tube. 

Conditions favorable to splashing arc long tubes of snmll diameter, maximum height 
of liquor to top of upper tube sheet but not over ii, and high vacuum in last ccM and 
great temperature difference between vapor of last and second last cell. 

Mr. A. Fries, Chemist of Honokaa Sugar Company, reports as follows : 

The separators or save-alls used in former years in the vapor pipes of evanorators had 
as their principal feature the sudden increase in volume, thereby causing a sudden reduction 
in vapor velocity and bringing about the bursting of the bubbles, which contain vapor 
and sugar. In connection with this reduction in vapor velocity, bafifie plates were used 



64 


and BO arranged as to cause a reversal of the vapor current and the throwing of the 
bubbles against the plates, thereby releasing the vapor and allowing the liquid to drop back. 

. A design of separator extensively used in the islands for some years is a type made 
of a series of short tubes inserted in three or four sheets. The whole is placed in an 
enlarged section of the vapor pipe, in which case the vapors generally pass the tubes in 
a horizontal direction, or into the dome of the evaporator cell, when the vapor traverse the 
tubes vertically. 

The difference between this type of save-all, known as the ‘‘Stillman’* and the above 
is that there is no sudden reduction in v^por velocity, as the area of the tubes is only 
slightly larger than the area of the vapor ])ipe. Not having this principal feature of the 
old style save-all may account for the fact that in some instances the Stillman has not 
been sufficient to stop entrainment in evaporators. In one factory using Lillie Evaporators, 
the Stillman traps reduced but did not eliminate the loss of sugar through entrainment. 

It was said, however, that the design, being one of the first in the islands, was faulty. 
Another factory, using a Stillman of the vertical type, in connection with a standard 
evaporator, showed considerable entrainment, which was completely stopped after putting 
in a six-foot belt and installing baffle plates inside the vapor space of the last cell. 
During the 1921 crop there was quite a loss of sugar through entrainment of the Honokaa 
evaporator. To remedy this the old baffle plates were removed and replaced during the 
off season by a Stillman trap, placed inside the last cell above the top flange. The entrain- 
ment from the start was much greater than in the previous year, amounting at times 
to a loss of 1000 to 1500 pounds of sugar per 24 hours. As there was nothing wrong with the 
evaporator or the method of operating it, tho fault could only be with the newly installed 
Stillman. This was confirmed when it was found that the difference in vacuum above and 
below the trap was three-fourths of an inch. 

To stop further loss as quickly as possible wooden baffle plates, as a temporary arrange- ; 
ment, were installed in the early part of the season and accomplishing what was desired, v' 
were kept in use throughout the rest of the crop. There is nothing new about the arrangj//'‘j 
ment of these baffles, Mr. Orth introduced it wnth good success at Koloa and later tKe Iv 
Makaweli Factoiy installed the same system, thereby completely stopping all entrainiWnfc ’ 
After placing the wooden baffles in the Honokaa evaporator the entrainment loss was 
reduced to a reasonable figure, when running at the rate of forty tons of cane per hour, 
while at a lower rate of evaporation no sugar could be found in the condenser water. 

It is expected that after replacing tho wood by iron that the entrainment will be elimi- 
nated under any condition of evaporation. It may reasonably be concluded from the 
above that a Stillman trap is not in every instance capable of stopping entrainment, in 
fact it may increase it as the experience here has shown. 

The following data refer to the detail of design: 


Diameter of cell 8' 7" 

Top tube plate to top flange S' 4'' 

Diameter vapor pipe T. . . . 26" 

Stillman trap, number of tubes in 1 plate 160 

Diameter of each tu)i)e 

Total area of tubes ’. 635 sq. in. 

Area of vapor pipe.. .’ 520 sq. in. 


Mr. McAlIep in his report after the yearly inspection of Hie factory com- 
ments as follows > ^ 

‘'‘Previous to this season the old baffle plates were removed from the last cell of the 
evaporator and . a Stillman trap installed. Frequent tests indicated that the entrainment 
was increased rather than reduced. Early in the season a ^ood en baffle was installed 
under this trap reducing the entrainment to a small amount, though, according to these 
^ests, not entirely stopping, IL Some three weeks prior to my visit the entrainment 
id^arted^o i^reast^: .6n Sunday the woodem baffles which had s|irunk at some places 
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were repaired and on Monday a test by me failed to show any loss through entrainment. 
On this day, however, the evaporator was operated at a somewhat lower capacity than 
usual. According to calculations made from the laboratory figures, 28.5 tons of water 
were evaporated per hour against an average for the preceding week of 31.4. Some 
entrainment might still take place at the higher rate of evaporation even though this 
test was negative. 

‘‘I was very much interested in the failure of the Stillman trap' to stop entrainment 
as in all but two or three cases that have come under his notice, this style of trap has 
been very efficient. A possible explanation lies in the throttling effect of this installation. 
According to figures given me the tubes have an area of 4.4 sq. ft. Mercury gauges on the 
lust body below and above this trap indicated respectively, 24.5" and 25.25" vacuum, 
a difference of As this factory is 460 feet above sea level, a correction of approxi- 

mately half an inch must be added to these figures, making them 25" and 25.75". With 
an evaporation of 30 tons of water i3er hour, some 8.4 tons would be evaporated in the 
last body. Under these conditions the vapor would enter this trap with a velocity of 
slightly over 150 feet per second and leave it at 180 feet. The temperature of saturated 
steam at these two points would be 133 and 127 degrees. It appears probable that such 
instantaneous decrease in the boiling point wouhl cause drops of ,iuice carried along with 
the vapor to boil with almost explosive force, and that the resulting spray wouhl be 
carried through the trap with the current of vapor. 

Others seem to have had about similar experiences with the Stillman trap. 
Mr. Elliott tried to determine the exact quantity sugar loss and gives the fol- 
lowing description of his test : 

September 18th to 23rd inclusive, a test was run on the entrainment indicator of the 
fourth effect to ascertain the amount of syrup entrained. The syrup was weighed, com- 
jmsited and analyzed every three ho^urs. The evaporators were working under normal 
conditions, mill working day shift only. 

The data are as follows: 

ENTRAINMENT FROM FOURTH C^ELL INDICATOR. 


Date 

Time 

in 

hrs. 

Net 

lbs. 

Brix. 

Dialyses 

Purity 

1st Cellj2n(UVll 

Vacuum 

3rd Cell 

4th Cell 

Cdiiser 

% Pol 'll. 

V a cuum Vacuu m 

Vacuum 

Vacuum 

Vacuum 

!*/ 18/22 

12 

211 

10.09 

8.36 

82.85 

1.70 

7.08 

13.75 

24.3 

26.42 

9/19/22 : 

12 

220 

11.15 ! 

9.25 

82.96 

1.70 

7..'>0 

14.33 

25.5 

27.00 

9/20/22 , 

12 

208 

11.00 

9.21 

83.73 

1.00 

6.84 

13.83 

25.6 

27.00 

9/21/22 

12 

199 

12,39 

10.38 

83.78 

.67 

7.67 

14.42 

25.8 

27.00 

9/22/22 1 

12 ! 

205 

16.33 

13.75 

84.20 

1.67 

8.33 

14.30 

26.0 

27.10 

9/23/22 i 

8 

131 

13.50 

11.12 i 

82.37 

0 

5.50 

12.90 

25.8 

26.90 

True Av.| 

68 

1174 

12.31 

10.27 

83.43 

1.16 

1 7.15 

! 13.92 

1 

I 25.50 

26.90 


Syrup brix and purity, 60.99 and 85.2 respectively, for the week ending September 
23, 1922. 

The fourth effect is a Catton Neill Evaporator, 7 feet in diameter containing 910 
tubes, 1% inches I. S. diameter by 54 inches long, giving 2010 square feet H. S. Height 
from top of tubes to center of vapor pipe, 9 feet 6 inches. The two vapor pipes to the 
central condenser are 24 inches diameter. Each vapor pipe is fitted with two screens, 
one 5x6 mesh, the other 3x3 mesh, to retard any particles of syrup going over. These 
screens are placed 6 feet apart, the smaller mesh, placed nearest the condenser. 
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Using ths ab<yv6 figures, the calculated velocity of the vapor to the condenser is 
lUM feet per second. 

1174 X .1027 ^ 11 i, 

= 124.94 lbs. 96.60 deg. sugar that is returned to the fourth cell for 

96.5 

week, or 1.84 pounds per hour. 

A plan and description of the entrainment indicator is given on page 327 of the 
Mawaiktn Planient^ Mecord, December, 1921. 

Mr. A. Barker, Engineer at Halawa Plantation, presents the following descrip- 
tion of an entrainment catcher of his own design : 




During the ’latter part of this season, a new type of entrainment trap was fitted to 
the last effect at Halawa, vitbpVery noticeable effect and success. From the time we 
commenced grinding, it was evi^tit,* by mere observation of the waterlegs of the third 
effect and small pan, thSt heavy entfsitiiuent was taking place. I suggested putting in 
an entrainment catcher. of my own IlSsign and it was agreed to try one. This was made 
at the plantation and fittejl May 24, 1922. It has been in operati#n ever since. 

This entraiiouent cat^c^ is fitted in the regular vapor pipe frojn the third effect and 
no new casings arc rojiiaired, ia fact everything can, if required, be made M the mill. 
It consists of two prl|4^p|tt p^fts, a true screw and a Venturi tube. Its action is based 
oil the fact that tho\^a|m^8 pi^ng to the condenser are ‘travelling at a very high speed, 

in case, for l^'^afon,vit averages 14,414 feet per minute^ 

true scr^ Of 4 feet ‘pitch was inserted foir a length of 8 feet in the vapor pipe, ' 
giviM a Mmes greater than a 20 Ineh machine at 1200 r. p. m. By this 

all are thrown o^ to the walls of the pipe and nO li<iuid or 

: < '• '' " , ' . , ' ' ' ' 
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particles of liquid can possibly reach the end of the screw without reaching the walls, anti 
splashing on these walls is, of course, negligible. 

Now, of course, by altering the pitch of the screw, the centrifugal force may bo 
increased to any desired extent and consequently, for any known speed and diameter of 
pipe, the requisite pitch can be determined easily when the length of screw is known, as 
this affects the important factor, the time factor. 

At the end of the screw is a Venturi tube. All the liquids on the walls of the pipe 
either return along the vapor pipe or are caught between tlie Venturi tube and tlie 
walls and returned by the pipe to the third effect. 

In this ease, with 16 inch pipe, the Venturi tube was restricted to 13.5 incdies and 
yet no loss of vacuum was observable. Sugar bubbles were no longer seen at the foot 
of the water leg and alpha naptliol always showed a negative test to the condenser water. 

In August, Mr. McOleery visited the mill aud sampled tlie waler from the water leg 
and the flume, which water was being used as condenser water. His figures show that wo 
were losing about 8 pounds of sugar jier day. A scries of tests were then made and 
the average of tUesq wa.s 17.44 pounds sugar lost per day or 1.608 tons for a season of 
185 days, giving a saving of 128.442 tons pol. for season. 

In designing a catcher of this type, the speed of the vapor is not only made use of 
but is increased if necessary to give the necessary tentritugal force that enables the parti- 
cles of liquid to roach the walls of the pipe in the time allowed. This factor of time is 
the principal one to be considered, and, in conjunction with the rate of boiling, va^'uiim 
carried, length of j ipe available and diameter of piju', determines the jntch of screw aud 
size of Venturi tube; and the fact that this catcher as fitted saved over 128 tons pol. 
during the season is an indication of what can be done with one of efficient design, though 
the labor employed in manufacture was of the regular unskilled mill type. 

Air. Charles Ileiito, Sugar toiler of Wailukii Sugar Company, sent us a 
sketch with the following description : 

In experimenting for the best way of working the baffle plates of save-all we have 
eome to the conclusion that by jnitting three baffle plates in the front and two in the 
back with % inch mesh screen in between it would work the best. 

In testing the save-all we have two 3-inch ^lipcs connected from save-all to two 

small tanks on the evaporator floor, one three-quarter inch pipe connected to a small 

surface condeiisor on the vapor pipe back of the save-all, leading down to a small tank 

on the evaporator floor, and from that surface comlensor we would detect the entrain- 
ment going over. At the end of the .season we noticed that the two inch tubes on the 
baffle j)late8 wore corroded with sugar and hard to clean. 

The following letter was received from Air. Searby, Assistant Alanager of 
American Factors, Ltd., giving a tabulation of the various additions and im- 
provements of the factories under its control: 

1 

Lihlie: The addition of two cells of 4000 square feet heating surface each to the 
existing quadruple effect of 8800 square feet, and the rearrangement of connections so 
that the old first and second cells and third and fourth cells act as first and second effects 
respectively of an enlarged quadruple effect, has practically doubled the evaporator 
capacity of this factory. 

This has permitted an increase in the grinding rate of 9^/f and in the dilution of 
about 40% while at the evaporator the brix of the syrup has been increased from 56 to 
over 60. 

The advantages of this being able to apply a dilution commensurate with milling 
equipment and tonnage ground, as well as to evaporate to a satisfactory density, need not 
be commented upon here. The advantages of an increased grinding rate have been 
reepgnbed in the last two years particularly where tlie efficiency of the loaders has been 



giieh that more cars have been needed to handle the same amount of cane and where there 
haft been an actual shortage of cars. 

Bringing of evaporators to the above standard has permitted cutting out two heaters 
which were previously necessary to bring clarified juices to the temperature of boiling 
in the first cell, this being necessary to enable the first cell, and consequently the entire 
set, to work at its maximum capacity. The direct result has been a reduction in cleaning 

expense. 



The addition of eight 30, inch centrifugals and four crystallizers has brought the 
capacity at both of these statioii||to slightly above standard, and the molasses purity 
of 86.6 for the season has demonsrotted the value of ample capacity for low grade work. 

Makee: Among the improveiffents at^his factory may be mentioned the installation 
of four 7'ji20' H. B. T. boilers of 316 B, tL P. each to replace four 6'#'"xl8'' H. B. T. lap 
seam boilers of ITJ. B. S. P. each, two 900 square feet H. 8. juice neuters, one 1800 cubic 
feet and 1800 square feet H. S. Calandria vacuum pan, and the installation of two motors, 
a 100 H. P. motor to drive 13-40" B. D. Centrifugals, and a 30 H. P. motor to drive the 
crystallizere and sugar h^dling equipment, to replace a *16"x36" Corliss Engine. The 
power to drive these sopors is obtained from an hydro-electiie-^ldant above tbe Mimino 
Beservoir ^here an abi^lete wheel having six runfiers each of a different diameter for 
maintaining dlfferiAi voltage or frequencies has been replaced by an up-to-date Pelton 
wheifi vith .Woqd 1 r^^d oil governor actuating a stream defiector* 





Olaa: The new equipment installed at this factory consists of — 

7 rx20" H. B. T. Boilers. 

1 1800 cu. ft. 1800 sq. ft. H. 8. Calandria Vacuum Pan, 

1 12"x27"xl6"' Ingersoll-Baiid Dry Vacuum Pump. 

1 10"xl6"xl0"xl4" Air Compressor, and equipment for lifting a million gallon of 
water per day from two deep wells by means of air compression. 

The first item of seven boilers all built in conformity with the A. H. M. E. Boiler 
Code, was to replace an equal number of the same size, but having lap riveted scams, 
and on which the working pressure had been reduced to such a point that their retention 
in service was inimical to fuel economy. 

The 12"x27"xl6" dry vacuum pump was installed to replace three water sealed, 
direct acting vacuum pumps on the pans and two smaller rotary vacuum pumps on the 
evaporators, one of the latter an Albcrger, being retained to bring up the vacuum in the 
pans and evaporator before cutting in on the main pump. ' 

The 1800 cubic feet Calandria Vacuum Pan is expected to assist in the steam balance 
at this factory, there being now four pans and opportunity to arrange working so there 
will be no extreme peaks in consumption. The substitution of copper for charcoal iron 
tubes in the three old pans is expected to improve the work in these pans by permitting 
faster boiling. 

The air lift equipment has been installed to replace two deep well plunger pumjis which 
have given continual trouble, due mainly to sand infiltration. The present wells and 
pumps having no movable parts are entirely free from this objection, and yield slightly 
over a million gallons of water per day against a head of 205' when supplied with 600 
cubic feet of free air per minute. The advantage of having an auxiliary supply of fresh 
w’ater for domestic use and condensing purposes when the natural vun’OfF fails, needs no 
argument here. 

Kekaha: During the present off-season this factory is installing 2 18-ton Calandria 
Vacuum Pans, each having a ratio of capacity to heating surface of one to one; sixteen 
800 cubic feet crystallizers to replace an equal capacity in miscellaneous small tanks and 
coolers, 2 270 H. P. H. R. T. Boilers to replace two smaller size boilers which have been 
condemned, and four 40" American Tool and Machine Belt Driven Centrifugals. In addi- 
tion a 700 square foot heater is being rearranged and fitted with baffles for a more 
efficient circulation of the steam and removal of ineoiidensable gases. 

Your committee wishes to thank those who have been kind enough to give 
their cooperation, and hope that these contributions may furnish material for a 
thorough discussion of the many unsolved problems we still have with us in the 
manufacture of sugar. 
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The Influence of Fertilizers Upon the 
Productivity of the Soil.* 


It was found, by growing barley under forcing-house conditions, on nine 
different types of soil consisting for the greater part of loams, the vegetative 
growth was influenced very little by the application of either litter or leaf-mould. 
During the first year’s experiments, well-composted farm manure did not pro- 
ddce additional growth, although the results obtained with il the second year 
were satisfactory, but the plants to which commercial fertilizers were applied 
grew much more than those receiving stable manure, the quantities of nitrogen, 
phosphoric acid and potash being the same in the two cases. Slaked lime applied 
with farn manure had a very irregular effect according to the different types of 
soil; in short, nitrogen appeared to be the sole fertilizing substance having a 
marked influence upon bairley. 

I'o confirm these results, two soils were selected, one highly productive, and 
the other less fertile, and barley again planted. It was found that, under forc- 
ing-house conditions, the soils appeared to supply sufficient quantities of phos- 
phorus and potassiulTi for luxuriant vegetation. 

The application to the soil of soluble compounds of nitrogen, phosphorus 
and potassium, materially increased the proportion of water solubles in the soil; 
these were used by the plants, and their amount was thus rapidly reduced before 
the barley had attained considerable growth. In the latter stages of its develop- 
ment, the quantity of the water-solubles remained constant and was much the 
same (with the exception of the phosphonis) as that present in the soil receiving 
no fertilizer. 

To sum up ; it would seem that from the practical standpoint, the above data 
show the importance of the solubility of the three essential ingredients of fer- 
tilizers, especially in the production ofy^uickly-growing crops. Plants accumu- 
late a large proportion of the required" nitrogen and ash ingredients during the 
early stages of growth, for which reason, in the case of forcing-house culture, 
vegetable-gardening, and of such crops as cabbages, potatoes and wheat, an 
adequate supply of immediately available food appears to be indispensable in 
order to obtain good results. 


r 

•From the Injernational Review of the Science and Practice ox .^riculture, Vol. XII, 
No. 10 j fr^ Bulletin 473 of the N. Y. Agric. Exp, Sta., H. Jordan. 
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Some Notes On Rubber Estates of the Future.* 


By Victor Ris. 

1. The Influence of Selection of Planting Material on the Yield of 

Ritrrer Estates. 

Until very recently, in fact, almo.st until the extensive opening up of rubber 
lands was discontinued in consequence of the rapidly decreasing price, all rubber 
estates in the East were planted up with more or less unselected seed. No selec- 
tion on a clear scientific basis had been adopted anywhere, that is to say, nowhere 
to any appreciable extent. 

The result of planting up such large areas with unselected material is now 
clearly to be seen everywhere and the following figures illustrate what may be 
considered to hold good for the majority of estates in the East when their full 
planted-up acreage is considered. 

It may be said that 75% of the planted trees yield 40% of the crop and 
25 %- of the planted trees yield the balance of 60%. These trees are hereafter 
referred to as Class A and Class B trees respectively. 

Of the tolal number of planted trees on an estate 10% may be said to yield 
25% of the crop whilst 1%, of the total planted trees yield 5% of the crop. 
Such trees are hereafter referred to as Class C and Class D trees respectively. 

lender “Class A*’ are included many trees which yield no latex or practi<:ally 
none. Under “Class D’’ are included trees whose records show they yield year 
after year between 55 and 60 pounds. 

On the basis of these figures we can deduce that an average estate yielding 
at present 400 pounds per acre per annum could be expected to yield if planted: 

With trees described as class “B"’ 960 lbs. per annum 
do do class “C’' 1000 do 

do do class “D” 2000 do 

The figures further clearly prove what has been already slated above, i. c. 
that not only has unselected planting material been used for planting up estates, 
but that, taken on the average, poor planting material has been used and that it 
is most important that for future plantings the planting material should be most 
carefully selected on scientific lines. In the Dutch East Indies this urgent need 
has been recognized for a good many years and the highly trained staffs of 
botanists attached to the experimental stations, and I may here especially mention 
the Research Stations of the Avros, have been extensively engaged on work con- 
nected with the Hevea selection problem. The results of their research work so 
far obtained show : 

(a) That the greatest success is attained in grafting or budding parts of 
selected high yielders on to the young root system of ordinary trees, thereby 
solving the problem of multiplication of high yielders in a short space of time. 

* From the Arehief voor de EuhbercuUmr, Vol. VI, No. 6, 1922. Translatetl by tho 
Agricultural Bulletin of the Federated Malay States. 
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The stems developed from such buddings show all the valuable characteris- 
tics of the mother tree. Structure of bark, number of latex carrying vessels, etc., 
in the offspring stem are equal to those in the mother tree. There is therefore 
every reason to believe thal ti*ees so grown will equal, or at any rate approximate, 
the yield of the mother trees. 

In this connection it is interesting to note, as a further proof that the char- 
acteristics of the mother tree will be found in the tree grown from buddings, 
that the offsprings of yellow latex yielding mother trees yield also yellow latex 
whilst offsprings of white latex yielders yield white latex. As\ a matter of fact, 
one can go so far as to say that if an “eye” of a yellow latex Wiclder is grafted 
on to a white latex yielding stem, a tapping cut made at a laterj date across the 
grafting point yields in the upper part yellow latex and in the loWer portion white 
latex. This is mentioned, of course, merely as a side light on the possibilities 
of grafting. 

Grafting has passed out of the experimental stage and it can be adopted with 
the best results for any new rubber clearings. It is a fact that some hundred 
thousand graftings already have been carried out with complete success and 
grafting material from highly selected trees is beginning to form an “article of 
commerce.” First class material now is being very eagerly sought for in many 
^ qtiarters. The Avros Research Station alone supplied to its members in 1921 about 
6,000 meters of branch of selected trees. One meter carries about 10 sleeping eyes 
suitable for budding. 

(b) The slower process of multiplication of high yieldfgrs, i. e. the process 
of generative selection, is also being very carefully and satisfactory 

results have already been obtained. 

After extensive and often pretty costly experiments it has been possible to 
obtain self pollination on some selected high yielders. In this way it becomes 
possible to arrive eventually at the isolation of biologically speaking “pure lines,” 
the selection which is considered to be the ideal one. This selection naturally will 
take time before full result| are obtained, because “pure lines” can be deter- 
mined only as such after several generations have proved to show constant char- 
acteristics, i. e. proved that the characteristics are hereditary. Moreover even if 
full results are eventually obtained such “pure line” selection and production of 
“pure line” seed will: very probably never yield sufficient seed for planting up 
large areas. 

The limited , number of high class pure line seeds will in all probability mostly 
be used for growing trees to be used for budding material. Budding as men- 
tioned under (a) will therefore remain most probably the principal method of 
multiplication of high yielders in a short space of time. 

2. The Influence of the Selection of Soil' on the YiIld of Rubber 
* * Estates. 

Until ^ite recently, it was taken for granted in t^e rubber world that Hevea 
would grow a paying crop almost anywh ere in jhe tropics. That 
Heyea cam grow anywhere, or at least keep "alive anywhere, ,, is proved to be 
about jpcatiejit/ buf tlie idea that Hevea wotild yield a paying crop anywhere has 
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been proved to be a fatal mistake. Such mistakes nave been made in every rubber 
planting country in the East ; any soil from bare sand flats, peat land to abrupt 
and rocky hill sides, all classes of soil have been planted up. 

The range available for comparison, so far as yield per planted acre goes, is 
therefore a very wide one and instances of the extent to which the quality of the 
soil influences the yield per acre are not far to find. They are at hand in every 
rubber producing country. I intend to deal hereafter especially witli conditions 
prevailing in the East Coast of Sumatra, but all that is to be said can be taken as 
holding good, mutatis mutandis, in other eastern rubber producing countries. 

The bulk of the estates are, as already stated, planted up with unselected 
seeds originating all from the same sources and the estates, therefore, from this 
jjoint of view, can be taken as being built up on parallel lines. The seed factor 
can thus be eliminated when the yields of different soils are compared ; so also can 
climatic conditions which are excellent from seacoast to the foot of the hills, 
from south to north. 

Rut the yield per acre varies from 250 pounds per acre to 600 pounds per 
acre in specially good fields, although considerably higher figures are recorded. 
It is now, I think, quite clear that .such variations, a full 140% in yield, form the 
strongest indication, in fact the clearest possible proof, that the quality of the 
soil is a prominent factor determining (all other conditions being equal) the yield 
of the rubber tree. 

Eliminating about 80,000 acres |>lanted on East Coast yielding under 300 
pounds per acre, the balance can be taken as yielding an average 400 pounds per 
acre per year. Now keeping in view that there are large fields capable of 
yielding 600 pounds (and over) one is forced to conclude that proper selection of 
.soil influences the yield by an increase of 50'/ . Taking extreme figures in this 
connection. 250 pounds and 600 pounds, the influence would be by 140'/,. 

3. Tnii CoMiiiNKi) Ini'U'Knck ok Sked SKi.ECTtoN .\Nii Soil Selection on the 

Yield ok Rvhijer Est.vtes. 

lender heading (1)1 have said that : 

An acre planted with class ‘’B” trees would yield 960 lbs. 

do class “C” do * 1000 lbs. 

do class “D” do 2000 lbs. 

On average soil yielding from unselected seeds 300 lbs. 

Under heading (2) I explained that by soil selection the yield can be im- 
proved by 50% as compared with the yield of existing average estates. Therefore ; 

One acre class “B” trees planted on selected land can be expected to yield 1440 llis. 
One acre class "C’’ do do do 1.500 lbs. 

^)ne acre class “D” do do do 3000 lbs. 

In the light of yields as now obtained on average rubber estates these figures 
seem extraordinary, but in my opinion one must look at same as possible figures, 
certainly so, as far as the intrinsic yielding capacity of selected fields is con- 
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Qerned. The first two mentioned should be obtainable under reasonably careful 
sdection of both factors, seed and soil, whilst the third should be obtainable 
under exceptionally favorable circumstances and is therefore more of theoretical 
interest only. Still, personally, I should not venture to estimate for such yields 
in respect of any larger rubber areas to be opened up in future notwithstanding 
that I am fully convinced that rubber estates can be laid out and show an intrinsic 
yielding capacity as stated for class “B” and class “C” trees. 

But intrinsic yielding capacity and actually obtainable yields are two differen(t;i^| 
matters. A number of factors such as, for instance, the necessity to rest a num^ ^ 
ber of trees from time to time, the influence of the tapping systern^^d tapping 
force on the yield, are factors which in practice must tend to keep^^^actual yield / 
well below the maximum the trees are theoretically able to give. * 

As regards “resting” nothing at this juncture can be said for certain, but 
frcmi past experience one can deduce the trees benefit greatly by being rested 
from time to time for shorter or longer periods. ... 

As regards “tapping system” the final word certainly&s not yet been said, 
but in all probability any new system for extracting latex from the trees will 
always be a system by which not the last drop of latex will or can be extracted 
and by which the cambium ^yill not be overirritated. Past experiwice with drastic 
systems, the cause of Brown Bast and all the misery -connected with such, have 
served as a good lesson. 

So far as the influence of the factor “tapping force” goes, every one knows 
that in the way the tapping force must be used ^t present, little chance is given 
the individual tree to yield its best. Improven^ts as c^^pared with present 
day methods will certainly be effect ed in the future but Ites^ctual results obtained 
by any. large force, even the best, will always" remain below estimated possible 
results. No large force will ever consist of ideal tappers only; one will always 
hate to be content with average skill. 

How these factors, and perhaps many others, will aflPect the actual yield if 
such is compared with the intrinsic yielding capacity, is difficult to -ascertain at 
this juncture. A number of those who apparently forget to take the adverse 
factors into their calculations estimate future yields to reach 1500, 2000 and more 
pounds per acre, and others who are more conversant with the practical daily 
working of estates, do not hesit?ite to estimate for at least 1200 pounds. In my 
opinion the latter will be nearer reality than the former. 

For the purpose of the following calculation I take a yield of 1000 pounds 
per acre per annum and in doing so, I am sure I am on the safe side, ( Selection 
influence the yield of sugar cane* and cinchona by almost tripling the outpmt as 
compared with former unselected cultivations.) 

4. Calculation of Co.st per Pound of Rubber for Estates in Full Bearing 
OF 2,000 Acres Yielding 2,000,000 Pounds per A'nnum. 

It can npw be safely stated that estates producing 400 pounds per acre under 
no restrictiop ech«!me can place their rubber on the London market at an “all in 
cost” of 40 cents or say 8d per pound. Of that sum 26 cents represents “Estates 
Gist” and 14 cents the cost from f.o.b. to “Soljl Londoflu**^"* - 

. * to tbtf bettor Beedliog raxietias and not to bud aeleoiioit 
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The “all in cost” per pound for producers of 1000 pounds per acre would 
fall to about 25 cents or approximately 5d. per pound “all in.” 

The annual net returns per acre from estates yielding 400 pounds and 1000 
pounds respectively therefore compare as follows; 


Selling price 
per lb. 

Net return per acre 
yielding 400 lbs. 

1 

1 

! 

Net return per acre 
yielding 1,000 lbs. 

5 d. 

loss .£ 

5.—.— 

1 

1 

£ 


6d. 

do. 

3. 6. 8 

I 

profit 

4. 3. 4 

7d. 

do. 

1.13. 4 


do. 

8. 6. 8 

8d. 

- 

— . ^ 

i 

do 

12.10. 0 

9d. 

profit 

1.13. 4 


do. 

16.13. 4 

10 d. 

do. 

3. 6. 8 

i 

do. 

20.16. 8 

11 d. 

do. 

5. 0. 0 

1 

do. 

25. . 

12 d. 

do. 

6.13. 4 

! 

do. 

29. 3 '. 4 


The uncertain factors of government income taxes are of course left out of 
account. 

The actual capital cost per acre of the existing 400 pounds yielders can prob- 
a1)ly be taken as falling between €.^0 and £60, whilst the cost of the 1000 
pounds yielders to be opened up in future may be taken as lying between £70 
and £80. 

Considering the possibilities and merits of stringent selection of planting 
mateiial and soil to be planted up, one is perliaps doing well to bear in mind the 
excellent results obtained in the Dutch East Indies during the latter half of the 
last century in the cultivation of the sugar cane, cinchona and tobacco, and to 
remember that no other Eastern Tropical colonies can compete successfully witli 
the lUitch h'ast Indies on the world’s market in these lines, 

Medan, January, igpj. 


Studies in Indian Cane No. 4.* 


(Conchided from last i^sue.) 

By C. A. Barber. 

Literature Concerninc, the Effect of Spacing on Tillering and on Other 

Crop Characters. 

The most obvious way of regulating the number of canes ])rocluced at har- 
vest time is by varying the number of sets planted per acre. Spacing experiments 
have been conducted wherever the sugar cane has been cultivated, for the seed 
material, in many cases obtained by cutting up canes perfectly fitted for passing 
through the mill, costs a good deal and figures largely in the balance sheet. In 


♦From Memoirs of the Department of Agrieiilture in India, Botanical Series, Vol. X. 
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some countries only tops are planted, namely, the upper, immature parts of the 
plant where there is no sugar, and the canes harvested produce these in sufficient 
numbers to plant up the* trtw fields ; but, in other places, tops are not available, 
as they form a valuable cattle food, and in India, for instance, are often the 
perquisite of the men from whom the cattle are hired for crushing the canes. 
We have already referred to the curious fact that, even in India, there are vari- 
eties which cannot be successfully reproduced from the matured cane sgts, 
but such exceptions are comparatively rare. When the Samalkota farm was 
started in the Godavari District, it was the local practice to plant 25,000 to 30,000 
sets per acre, and the cultivators were quite content to put aside JlS. 30 to Rs. 40 
for the purchase of seed per acre. A series of experiments was therefore in- 
itiated with the number of sets planted, varying from 4000 to 30,000 per acre. 
The number of canes produced at harvest were counted and the amount of 
jaggery produced was estimated. These figures are now unfortunately lost, but 
the general conclusion arrived at was that, with proper treatment, each piece of 
land would produce the same weight of canes within comparatively wide limits, 
but that, when thick canes were sown at the rate of 12,000 sets to the acre, the 
maximum yield might be counted on,- and that closer planting merely led to un- 
necessary .expense in the purchase of sets. A similar series of experiments was 
made with Reora of Benares in Partabgarh in North India,* varying numbers 
of sets being planted per acre and the resulting yield of gur compared. Here 
too, 12,000 sets per acre were found to produce the most satisfactory results, and 
the larger number of sets usually planted by the ryots did not give any increased 
yield. At first it strikes one as rather curious that thick and thin varieties, with 
their greatly differing tillering power, would require the same amount of space 
for their best development. But it must be ren^embered that the number of buds 
per sets was considerably greater in Reora bec^se of its short-jointed character. 
The number of sets planted per acre on different farms in North India appears, 
however, to differ very considerably and it is not known whether these num- 
bers are the result of series of .spacing experiments, such as tho.se made at Sa- 
malkota and Partabgarh, or are merely an adoption of the local ryots’ practice 
until such experiments can be conducted. 

Stubbs* quotes a certain Mr. Skeete, who speaks of sets planted six feet 
apart, with the result that often 50-100 canes were reaped from one hole. We 
have been unable to verify this reference or to discover what country is spoken of. 
but it appears to be not at all unlikely, for Prinsen Geerligs® states, of San Do- 
mingo in the West Indies, that the canes are occasionally planted nine feet apart 
each way, which would mean only 538 sets to the acre, and presumably the 
tillering in such cas.es would be great enough to make up the requisite number 
of canes at harvest time. It is. the custom at the Cane-bre|ding Station to give 
the thick canes more room than the thin, in spite of their stiller tillering power, 
and this appears to be the general rule in India where these two types of canes 
are plairted on the same farm. There is, however, a much more liberal applica- 
tion of manure in the former case, for the thin canes are found to be unable to 


^ 1 Gla^e, Aamtt and , Hiuniain, etc. BxperiiaentB on the enltivatihn of sugar cane at the 
.Paltabgidrh iixperbnental Station, 1010-11. Bvll. No. 27, Agr. Sea. iMt., Puta, 1911. 

ti, 8®. 

aOeerUgs, H. Cl- Prinsen. The World**- Cane Sugar Ind^ry, Poet and Present, gj 198, 
1918 . . ' 
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assimilate such heavy dressings and, at the same time, to mature properly at 
harvest time. The object aimed at in each case is to obtain a full stand, with 
as great a weight of canes as j^ossible, without unnecessary expenditure in costly 
seed material. The development of the cane clump is influenced by warmth, 
moisture, soil, and no strict rule can be laid down as to the most suitable spac- 
ing, and hence the importance of the very numerous experiments which have 
been made. 

Several workers have dealt fairly fully with the relation between spacing 
and the number of canes reaped, and it will be necessary to consider their papers 
somewhat in derail. As o!her matters besides the influence on tillering are also 
included in them, it will be convenient to treat these papers as a whole, and 
append a summary of conclusions at the end under the several headings. 

Stubbs, in 1892-93, conducted experiments with the local Louisiana canes by 
planting the sets at distances of 6", 12" and 18" in rows five feet apart. The 
plants were first reared in a nursery and, as each was planted in its plot, care 
was taken that it was the result of the growth of only one bud. His results arc 
given in the following table: — 


fSj)aidiig 

NuinVxn* 

Planted 

in 

March 

Shoots 

in 

.Inne 

Shoots 

ill 

October 

(Harvest) 

Average 

Weight 

of 

Each Cane 

! 

Ton- 

nage 

6" 


72,:^1»5 

.nsbo.’io 

2.17 11). 

42.55 


8,800 

51,188 

:{2,9(i4 

2.49 lb. 

41.00 

IS" 

r),860 

:i7,2;u) 

29,070 

2.00 11). 

.'17.24 


The.se figures show a greater number of shoots arising in the more closely 
planted rows, but a gradual diminution of the difl’erences in these numbers as 
growth i^roceedcd. Inversely, there was an increasing weight of individual 
canes with greater spacing, but the tonnage was greater in the closely planted 
])lots. Stubbs concluded that tillering depends on room available, and that there 
is practically no limit to it, provided the space given is sufficiently ample. In 
1894-95 he carried out the same experiment with much greater care, studying 
each plant throughout its growth. Five plants of each of the two varieties, the 
Striped and the Purple, were used in each experiment, so that altogether there 
were thirty plants. A book was kept of births and death by the chemists in 
charge, who also labelled each shoot as it appeared. At harvest each clump was 
dug up and the labels examined, the parent stalks were marked and their relation 
to their branches; each cane was separately weighed and analyzed. It is im- 
possible to conceive of a more strictly scientific method, and the results are well 
worth study, especially as the conclusions arrived at are at variance in some re- 
spects with those of others to be referred to below. More shoots started with 
the wider spacing, but the ul'.ima'e number at harvest was practically the same. 
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The next pieces of work on the effect of spacing on the number of canes 
produced are in 1910, when independent experiments were conducted by Kilian 
and Muller von Czernicki in Java. Kilian’s experiments* were made with /. 247, 
a late but good tillering variety, on dry loam, “strugge”^ loam and heavy black 
clay. It is unfortunate that the control plot of the latter was destroyed by fire ; 
this class of soil, namely heavy clay, is apparently less suited to 7.247, and the 
results fecorded of the single experiment • show that some unmentioned factor 
has intervened. This plot we have accordingly left out in the discussion, and con- 
fined our attention to the four others, on loam of varying fertility. Kilian planted 
his sets in rows 4', and 5' apart, and a summary of his results is given in 
the appended table, averaging the duplicate plots. 


SPACING OF BOWS 

No. 

of Canes 
Reaped 
per Bouw 

Weight 
of Canes 
per Bouw 
in Pikuls . 

Weight 
of Sugar 
Obtained 
per Bouw 
in Pikuls 

' Sucrose 
per Cent 
in 
the 
Juice 


65,089 

2,070 

197 

13.76 

Dry Loam J4' 

62,771 

2,056 

201 

14.06 

V 

59,163 

1,978 

199 

14.33 

f3Vi' 

55,135 

2,092 

210 

14.40 

^‘Strugge’^ loam J4' 

54,175 

2,023 

206 

14.58 

[5- 

50,388 

1,946 

201 

14.81 

f3%' 

40,907 

1,633 

162 

14.23 

Heavy Black Clay 

48,277 

1,745 

181 

14.60 

(No Control') 

40,038 

1,636 

158 

14.75 


From this table it is seen that the number of canes harvested decreases reg- 
ularly with the increased width of the rows ; the total weight of cane varies in 
the same sense within narrower limits, suggesting that, with wider spacing, the 
canes are on the average heavier. The quantity of sugar obtained varies irregu- 
larly, the advantage in one case being on the side of closer planting. The sucrose 
in the juice, however, is interesting, in that there is a uniform rise-las the rows 
are wider apart, and in this respect the aberrant third experiment falls intofline, 
suggesting again (hat the' thicker canes have richer juice. No reference' seemS; 
to be made by Kilian to this rise in sucrose with wider spacing, but it agrees with 
the generalization of Kobus and Van der Stok that, in the same plot, the thicker 
canes have richer juice.® Kilian is perfectly justified iii dra^/ing the conclusion 
that the results do not point to any advantage in altering ‘^he four-foot rows 
which appear to be rriost usual in Java. 


4Ibid. 

BWe bfve been unable to translate tbla word, bat imagine tbat ibis' loam is less fertile. . 
ej, E. Yan Aer Stok, is .iEruwirth’s DU Z«ehtmg Landwirih-tehaftliehen Kvltur- 
ZMolUriUkr. 

' , ... 'i 
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Muller von Czernicki's^ experiments were on a much larger scale, and ex- 
tended over several years. His work is the most important contribution which 
we have met with on the effect of spacing on tillering and the number of canes 
reaped, and deserves careful study. He had noted great variation in the spacing 
on -different estates, without being able to finfl any reasoned justification for the 
local practices. For himself, on his Poerwodadi estates, it was a matter of 
considerable imi)ortance how many sets were used per acre, as much of the seed 
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had to be imported and was expensive. He accordingly laid down a series of 
experiments to determine if equally good results could be obtained with a sparser 
sowing. He also wished to determine the relative tillering power of the different 
varieties and the time at which the maximum number of shoots was reached. 
At first he dealt with very large areas, planting them with rows 4 and .'i feet 
apart. There appeared to be no increase in the number of canes with the wider 
spacing, rather the reverse, and he decided to concentrate on varying the distance 
of the plants in the rows. But, in this case also, the results were inconclusive, 
and this he’put down to the varying soil conditions and the impossibility of plant- 
ing control plots in such large experiments. He therefore instituted a number 
of experiments on plots one-tenth of a bouw in area (practically 17 tenths of an 


duller von C. F. Proof neiningen ooitrent Plantwijdte. Archie f V. D. 

Suikerind. in Ned. Ind., Vol. XVIIT, 1810 , p. 314 . 
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acre, oi* as it is termed in Madras, 17 cents). The rows were, as usual, 4 feet 
a^rt and about 30 feet long. In these he planted Black Cheribon, J. 247, and 
/. 100, varieties which ^ere of importance in his area. The sets were planted 
10, 12, 14, 16, 18 and 20 to the row. Countings were made of the shoots above 
ground at 60, 90, 120 and 150 days from sowing, which, presumably, roughly 
coincided with the different earthings up ; and, 14 days after the last counting of 
shoots, he counted the canes formed, with a convention which seems to hold in 
Java of taking two or even three thin canes as the equivalent of one thick one. 
Muller von Czernicki complains repeatedly of the depredations of thieves and 



U»n*m|np ti! 2atf 32^ W AfNv Attf 

Period “of Coutoiing 

Skoot-oounCiiitf table, copied Irom Muller von Czernicki. 

other injuries in his. small plots; the presence of sereh is also commented on in 
the plots planted with locally raised seed, but these- injuries are of less moment 
in the early countings, in which we are most interested here.jthan in the final crop; 
Numerous tables and graphs illustrate his paper and of these one table and two 
graphs are repr<)duced, as the_ paper is in E^tch and not easily available. In the 
table one notes whh surprise Ae very early..general development of branches from 
the sets, a steady decline usually following, after the first couple of months. 
Muller von Czernicki concludes as fcitflbws with regard to" the three varieties 
tefted>- ’ • 
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THE NUMBER OF SHOOTS COUNTED AT DIFFERENT PERIODS, WITH SETkS 
PLANTED AT DIFFERENT DISTANCES APART— MULLER von CZERNICm 


1908 Crop. 




Number of Shoots Counted at 

(’rop in 
Pikuls 


Number 

Number 

lat 

2nd 

3rd 

1 Last 

After 

per 

Sucrose 

of Sets 

of 

Earth- 

Earth- 

Earth- 

Earth- 

Last 

Bouw 

% 

Planted 

Plots 

ing 

ing 

ing 

ing 

Earth- 

(1% 

in the 

per Row 

Avergd 

Up ] 

Up 

Up 

t]p 

ing Up 

Acres) 

Juice 


Genera tie Cheribon. 


10 

1 

124 

122 

103 

77 

61 

1,398 

12 


138 

131 

108 

77 

62 

1,416 

14 

.10 

155 

147 

118 

81 

66 

1,416 

16 


178 

162 

125 

85 

67 

1,404 

18 


167 

KiO 

124 

85 

: 68 

1,386 

20 


180 

170 

130 

88 

72 

1,518 



PJantriet No. 

247. 



10 


120 

150 

159 

114 

95 

L728 

12 


143 

170 

166 

114 

92 

1,554 

14 

8 

153 

175 

167 

115 

92 

1,452 

16 i 


165 

187 

173 

117 

96 

1,530 

18 


180 

196 

180 

119 

97 

1,506 

20 


I 190 

212 

192 

122 

1 100 

1,536 


Generatic No. 247 


10 


161 

168 

148 

122 

101 

1,536 

13.5 

12 


191 

178 

155 

122 

98 

1,422 


14 

28 

203 

188 

154 

120 

95 

1.446 


16 


224 

192 

160 

122 

90 

1,416 


18 


232 

202 

160 

122 

95 

1,446 


20 


240 

206 

160 

124 

96 

1,410 

13.5 



Gcncratie No. 

100. 


1,140 

“16.7 ’ 

10 


98 

128 

124 

100 

82 ~ ~ 

12 


124 

140 

124 

104 

83 

1,200 


14 

3 

127 

148 

123 

104 

83 

1,220 


16 


142 

150 

128 

104 

83 

1,220 


18 


157 

146 

126 

106 

86 

1,320 


20 


168 

156 

124 

106 

86 

1,320 

15.6 


6 
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Cheribon has the greatest number of shoots at 60 days, that is at the first 
countitig; in the rows with ten sets the maximum is a little later, but at 150 days 
from sowing all the plots are approximately equal. 

/. 247 tillers more slowly. When planted from sets, the maximum occurs at 
90 days, and, in the 10 sets plot, at 1^ ; when planted from tops, because pre- 
sumably of the greater number of buds, the course of events is practically as in 
Cheribon, 

J. 100 (of which only three plots were planted) reached its maximum num- 
ber of shoots early, the plots with 18-20 sets at 60 days and the rest at 90 days, 
and after that period there was little difference in the plots. 

An inspection of the table and graphs will convince the reader of the greater 
tillering of the widely spaced plants, where of course there were considerably 
fewer plants to the row, and the subsequent great mortality of shoots which soon 
reduced the nunfbers, till they were more or less uniform in all the rows — all the 
available light being used up. 

The author draws the following conclusions regarding the possibility of reduc- 
ing the number of sets planted per acre. This is of special importar^ with 
the costly imported material, and he points out that, with Cheribon aM J. 100, 
it can be substantially ditninished with safety. This also applied more or less 
to locally grown seed, but the danger of scrch is greater and the cost of the seed 
is much less, so that no change is suggested. 

The experiments were repeated in 1909, with 8-20 sets per row, as it seemed 
to Muller von Czemicki that the lower limits of sowing had not been reached. 
The results confirmed those of the previous year. In 7. 100, owing to a mistake, 
there was only one plot, but in the row with 8 sets a full stand was easily 
reached. 

Muller von Czernicki makes certain observations as to the sucrose content 
of the mother cane and its branches. He states that some people seem to believe 
that the mother canes are richer than those developed later, but he cannot find 
any grounds for this belief. “After many years of observation,” he has come 
to the conclusion that, provided that canes are ripe, there is little or no difference 
in this respect. He points out that the definition of mother shoots is a very 
loose one, and quotes Hovenkamp as saying that “mother canes need not be 
primary stems, but are the thicker and richer canes”. We see elsewhere that 
the assumption is unwarranted, in that the canes of the third order of branching 
are almost always thicker than the mother canes. And we fail to see in what re- 
spect Muller von Czernicki’s own deductions are more accurate, in that there are 
no references to stool dissections, and, without these, it is practically impossible to 
decide which the mother canes are. He, however, approaches the matter from 
anpther point of view. With closely planted sets, he argues, there will naturally 
be more mother canes than in the widely spaced rowis, 'anrf this must make its 
influence felt,* if there is richer juice in them, than in the Branches ; but he has 
not been able to detect any such difference. Muller von Czemicki’« deduction 
would appear at first sight to be perfectly sound, but he does not go far enough. 

Muller von Czernicki states that he has often noted-4he (liflferences in thick- 
ness of canes sparsely and closely planted, especially in the 1909 experiments, and 
Jie ‘decided to test this more carefully. He therefore measured SO canes from 



83 


each plot in the following manner, making altogether 1,000 measurements. He 
used a pair of calipers which he moved round the stem until it encountered the 
greatest resistance, and took the measurements at about one metre from the 
ground at the middle of an internode. His results are given in a series of tables, 
in which the canes are arranged according to their thickness in each plot, with 
differences in millimetres. From these measurements in thickness he deduced 
the weight of the canes. By using a formula he calculated the difference in 
average weight of canes in the rows with 8 and 18 sets, the extremes of the series. 
This difference varied from 10.5 per cent, in imported Chcribon sets, to 17.6 
per cent, in local J. 247. The average of these differences in the four kinds of 
seed used was 14 per cent., which means that 86 canes in the tliinly sown rows 
would equal in weight 100 in the closer planted rows. In these deductions he 
assumes that the jdants in the different rows were of eciual Iieight. Init he him- 
self observes that this was by no means the case; he therefore concludes that for 
accurate determinations of the weights of individual canes direct weighings will 
alone suffice. 

Struhen, in his pa])er on Tillering (1911), already mentioned, collates nu- 
merous countings of canes made by different workers, under the most varying 
conditions of climate, soil and treatment, and concludes that, within narrow 
limits, each variety shows the same canc-producing capacity, limits narrow enough 
not to be of appreciable influence from the crop jwint of view. He further gives 
the results of a .series of exj^eriments conducted by himself on the lines laid down 
by Muller von Czernicki. He experimented with J. 247 and placed 6, 8, 10, 12, 
14, 16 and 20 sets in separate rows of the same length, counting the canes at 
harvest in each case. The following table summarizes his results: — 


CANES REAI’ED AT HARVEST 


jx’i* 

Row 

J. 100: J 

Hoiivy 
(Hay' i 

(Hiorihon: Fortilo Land 

Chcribon: Infcitilc Land 


f) 


74 

S5 


6;{ 

68 


65 

70 


S 


76 

89 


69 

70 


75 

80 


10 


S2 

89 

> 

70 1 

72 


82 > 

< 84 


12 


8.') 1 

^ 92 


69 1 

r 76 


85 

86 


14 



t 86 


72 

76 


86 ^ 

^ 85 


16 

> 

r 95 

86 

> 

r 71 ^ 

k 76 

> 

^ 86 

84 


20 


94 



72 

74 






Looking at the figures as a whole, there is a general rise in the number of 
canes, at first rapid and then slow, as the number of sets per row increases : but 
this rise appears to receive a check when 12-14 sets per row are reached, and 
after this there is usually, equality or even a slight decline. In only two cases 
of the six is there anything like a general- rise throughout. But the counting 
of fully formed canes is not a true measure of tillering power, and Struben s 
fig^ures do not help us in this respect to the same extent as do those of Muller 
von Czernicki. 

The question of tillering power of the caiies in the field, and the effect of this 
upon the harvest, is thus seen to be somewhat complicated. 1 he number of canes 
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reaped at harvest is connected with the tillering power, but this connection is 
obscurM by the great mortality of shoots during the growth of the plants and is 
therefore less close than «night be expected. Similarly with the weight of canes 
at harvest, the weight of individual canes in the clump probably varies according 
to the date of appearance, and the average weight of canes varies with the close- 
ness of planting and the corresponding number of total canes produced. The 
total yield of sugar depends upon the weight of the individual canes, their num- 
ber and the richness of the juice. There is some evidence that the amount of 
sugar in the juice differs in branches of different orders. Spacing the planting 
material has its influence on all these factors, and it may be useful to summarize 
the views of the different writers already quoted, and to add such observations 
on the subject as have been accumulated from time to time at the Cane-breeding 
Station. The subject will be treated in the following order: The effect of 
spacing on the tillering power, as judged by the number of shoots produced per 
clump, and by the number of canes produced per clump at harve.st ; on the thick- 
ness and weight of the individual canes and the total weight of canes reaped; on 
the total yield of sugar in the crop. A note will then be added on the richness of 
the juice in branches of different orders in the clump. 

(a) Effect of spacing on tillering as judged by the numb(*r of shoots pro- 
duced per clump. Stubbs, in 1892-93, showed that, by planting the sets at 6", 12" 
and 18" apart, the number of shoots produced differed a good deal. At three 
months after planting the 6" plants had, on the average, 4.1 shoots each, those 
at 12" had 5.8 shoots, while those at 18" had 6.4 shoots per plant. Observations 
have not as yet been made on this point at the Cane-breeding Station. The fol- 
lowing figures have been deduced from those published by Muller von Czernicki 
and referred to above. We have obtained them by dividing the maximum num- 
ter of shoots in his countings by the number of sets in the row. The cases se- 
lected are the extremes and an intermediate one, namely, where sets were planted 
10, 14 and 20 in the row. The following are the maximum numbers of shoots 
for these spacings: Cheribon (tops), 12.4, 11.1 and 9.0; I. 100 (tops), 12.5, 
10.6, 8.4; 7.247 (tops), 16.8, 14.5 and 12.0; 7.247 (sets), 15.9, 12.5 and 10.6. 
The extreme differences in these spacings are roughly as 3 to 2 shoots per plant 
for the wider plantings. 

(6.) Effect of spacing on the total number of canes per clump at harvest. 
We are able to get more cases in which this has been observed, in that countings 
of canes at harvest appefir to have been made regularly for many years in Java. 
Stubbs gives the figures for the canes at crop time (seven months from plant- 
ings), in Louisiana, and from these we find that the number of canes per clump 
at is 2.2, at 12", '3.7 and at 18", 4.9. Comparing these figures, with those in 
section (o) we sec that, although a number of shoots had dfed, the ultimate dif- 
ferences had increased. ’ * 

Kilian gives the number of canes at harvest per bouw (1.75 acres) when the 
rows were 4' and 5' apart, and we can obtain proportional figures for the 
number of canes per clump by multiplying these twObtS of figures together. It 
is to be noted that the differences in spacing were not nbarly so great as in 
Stal^s'.ex|Krtments, but the results axt still very definite. Taking the table given 



on page 78, we get the proportional numbers as 4.6, 5.0 and 5.9 canes per clump 
in the richer land and 3.9, 4.3 and 5.0 in the poorer. 

Muller von Czernicki does not give the numbers of canes at harvest, but 
counts them at 5-6 months, using the Java convention of taking two or three thin 
canes to one thick. Selecting the rows as before with 10, 14 and 20 sets, we get 
the following figures: — 

Cheribon (tops), 6.1, 4.7 and 3.6; /. 100 (tops), 8.2, 5.9 and 4.3; 7.247 
(tops), 10.1, 6.8 and 4.8; 7.247 (sets), 9.5, 6.6 and 5.0. Here again there is an 
increase in the differences in the numbers of shoots produced per plant as the 
period of harvest approaches, which is not to be wondered at, as the effect of 
the spacing should be cumulative throughout the growth of the plant. 

The same author conducted spacing experiments on a very large scale, the 
plots extending over 100 boiiws (175 acres) with sets planted roughly as 2 to 3 
for the same space. This again is a smaller difference in space allowance than 
Stubbs’, but the results are obvious enough. The numbers of canes per bouw 
are practically equal, showing that the effect of the spacing was that each clump, 
on the average, produced half as many canes again in the wider planting. 

Wider spacing thus has a marked influence on the maximum number of 
shoots developed per plant ; this effect is cumulative, during the period of growth, 
and is therefore intensified at the time of harvest. 

(r) Effect of spacimj on the thickness or ivcight of the individual cane, 
Stul)bs gives the average weight of cane when the sets were planted 18", 12" and 
6" apart, in pounds as 2.60, 2.49 and 2.17. Kilian’s results are less conclusive, but 
the distances apart in the 3j/i', 4' and 5' rows were very much less. The rel- 
ative weights in the two tables were as 3.2 to 3.3 to 3.35 and 3.8 to 3.75 to 3.85. 
There is thus practically no difference in the weights of the canes. Muller von 
Czernicki dealt rather carefully with the thickness of the cane, and he deduced 
the weights on the assumption that the canes were of equal heights (which he 
states from observation is not perfectly correct). He measured the canes at 5-6 
months with calipers, in the rows with 8 and 18 sets in them. The result that he 
obtained from a large number of plots was that the canes in the 8 sets plots were 
14 per cent, heavier than those of the 18 sets plots. Other observers, notably 
Kobus and Van der Stok, emphasize the fact that wider spacing increases the 
thickness of the individual canes, and it may be considered therefore as incon- 
testable. 

(d) Effect of spacing on total weight of canes at han^est, A wider spac- 
ing therefore produces more canes per plant, and these are thicker and heavier. 
But there are fewer of these plants to the acre. Stubbs gives figures for the 
total weight of canes reaped, with his spacing of 18", 12" and 6" in the row, as 
37.24, 41.6 and 42.55 tons per acre, a distinct though small advantage for the 
closer planting. Kilian’s figures agree, taking the smaller differences into ac- 
count in his spacing experiments. The total weights of canes in the 3j4', 4' and 
5' rows were, in pikuls per bouw, 2070, 2056 and 1978 respectively. Muller von 
Czernicki in his larger plots of 3-S acres obtained ‘‘no advantage in yield by 
planting widely (S' instead of the usual 4'), rather the reverse,^’ but the ex- 
periments he considered unsatisfactory because of variations in soil and the 
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un{k>ssibility of having any controls. In his carefully controlled smaller plots, 
again selecting the rows with 10, 14 and 20 sets in them, he gives the following 
w^hts of cane reaped in pikuls per bouw, Cheribon (tops), 1398, 1416, 1518; 
/. 100 (tops), 1140, 1220 and 1320; J. 247 (tops), 1536, 1446 and 1410; J. 247 
(sets), 1728, 1452 and 1536, respectively. These figures are in favor of closer 
planting in the Cheribon and /. 100 plots but in the /. 247 they are inconclusive and 
in fact, have higher yields in both cases with the wider planting. (Has this 
anything to do with the known greater tillering power of this variety?) 

On the whole, there seems to be a general concensus of opinion that wide 
planting reduces the yield in canes at harvest and the best distance apart will 
have to be decided for each variety, climate and soil as the result of experiments 
on the spot. With the generally higher yields of closer planting, it becomes a 
matter for the balance-sheet, especially where the sets are costly, for the price 
of the latter may then easily exceed the advantage gained by planting more sets 
to the acre, as was the case in the Samalkota' tract referred to above. 

{e)Tlte influence of spacing on total yield of sugar. The factors of mo- 
ment in the yield of sugar per acre are very numerous. The variety grown, the 
climate and soil, the character of cultivation, the efficiency of the manufacturing 
side, the number of canes per acre and their thickness, and the richness and 
quantity of juice, are all concerned. It is difficult to quote experiments where 
the effect of all these factors have been considered, but the various workers have 
given their opinions and these may be summarized, in that they are in general 
agreement. Within fairly wide limits, close planting appears to give a greater 
yield, but this is chiefly where the general level of cultivation is low. The local 
rate of planting is, in India, frequently excessive. This was clearly shown at 
Samalkota where the same yield in jaggery was uniformly obtained with thick 
canes by planting half the sets generally used. Similar results were obtained 
as to the maximum yield of gur in the experiments at Partabgarh, where, how- 
ever, only one local cane was experimented with and that of course with a thin 
indigenous one. A somewhat similar result appears to have been obtained by 
Stubbs in Louisiana, for he recommends for the maximum crop the planting of 
the sets 6" apart in 5' to 6' rows. 

As to Java, Kobus lays it down as the result of his observations and experi- 
ments that even a difference of 10 per cent, in the number of canes per acre may 
very well go with the same yield of sugar. From this, we gather that the num- 
ber of canes, which we have seen to be influenced by spacing, is not too closely 
connected with the yield of sugar, and therefore that the effect of spacing is of 
little import within moderate limits. This statement of Kobus is taken up by 
Struben, who argues in its favor and states that the Editor of the Archief, the 
principal organ of the Java industry, has long held the same view. Kilian’s ex- 
periment of planting canes in rows, 3)4', 4' and 5' apart, gat^e results from 
which he gathers ‘that, in 7.247, the current distance of 4' cannot be altered with 
advantage.. In the two controlled experiments on dry loam, the yields of sugar 
in pikuls per bouw for these spacings were respectively 197, 201, 199 and 210, 
206 and 201 ; while another uncontrolled experiment orr-heavy black clay gave 
162, 181, ISa Mjiller von Czemicki found, in crop experiments of 3 to 4 acres 
each over 175 acres, that a spacing varying as 2:3 made practically no differ- 
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ence as to yield of sugar. We may therefore conclude, that, with good cultiva- 
tion, the yield of sugar, influenced as it is by so many factors, has no intimate 
relation to the spacing of the plants, and that this may accordingly vary within 
moderately wide limits without disadvantage. These limits have to be determined 
in each place with each variety separately. 

Note on the Relative Richness of the Juice in 
Branches of Different Orders 

Kobus has made an oft-repeated generalization, after years of experiment, 
that, in a cane field, ‘'thicker clumps have heavier canes and richer juice.” Van 
der Stok also asserts that, in a general crop, the thick canes have more sugar in 
their juice.” Stubbs showed that, in the Louisiana crops, the mother canes had 
richer juice than the branches from it, but he failed to convince us that the 
earlier branches also had better juice than the later. In Java, writers gen- 
erally take exception to this imputed superiority of the mother canes, and Muller 
von Czernicki asserts his conviction that, provided the crop ripens, as it generally 
does there, there is no difference in the juice of the different orders of branching. 
This rather discounts the Louisiana results, for a crop reaped at seven months 
from planting can hardly be considered by cane growers in the tropics as properly 
matured. Hut, on the other hand, we have failed to discover any indication 
that the true character of the branches has been determined in Java. After a 
good many dissections, we conclude that it would be a very difficult thing, without 
experience thus gained, to detect which are the mother canes of the crop. There 
seems, in general, to be a tendency to assume that these arc thicker than the 
rest, but our results are exactly the opposite. We cannot, therefore, think that 
the opinions on this point either in Louisiana or in Java are altogether trust- 
worthy. 

A certain amount of work has been done at various times in the Laboratory 
of the Cane-breeding Station, on the richness of the juice in the different cancs 
in the clump during growth and at crop time. In our study of early and late 
canes, we made use of the members of the Pansahi group, because, before we 
had made our dissections, it wks easy to distinguish between the early and late 
canes. Some of the results of this study have lieen given in Memoir II, where 
it is shown that, in several varieties (Maneria, Kahu, Yuba and Pansahi), it was 
easy to .separate the different classes of branches at crop time, and that, in 
their analysis, the earlier formed canes were invariably richer in their juice than 
the later. At the close of the 1917-18 crop, an attempt was made to divide 
the cut canes into classes, by observing the characters by which the branches of 
different orders could be .separated, starting with thickness of cane and, where 
necessary, introducing length of basal part, average length of lower joints, curva- 
ture, etc. This separation was, as usual, found to be specially easy in the mem- 
bers of the Pansahi group. One hundred canes were thus dealt with in each of 
the varieties dissected and these were divided into their appropriate classes and 
separately analyzed. In Mancria, the percentage of sucrose in the different 

8J. E. Van fler Stok, in Frnwirth^s Die Zuchtunp dor Landmrth‘firhaft1ich(n KuUur* 
flanzen Zuckerrohr, 
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classes from earliest to latest was 14.25, 13.74, 13.63, 13.57, 9.80, and in Yuba 
15.17, 14.86, 13.14, 12.53 and 12.40. 

It appears, from a great number of analyses which we have made at vari- 
ous times, that, while the plants are young, there is a great difference in the rich- 
ness of the juice in the canes of different orders of branching, but that this dif- 
ference gradually diminishes as the usual harvesting time approaches ; and, when 
it has passed, that the juice of the earlier formed canes commences to deteriorate 
until it is distinctly poorer than that of later formed branches, which in their 
turn approach their optimum. This being the case, there will be a point of 
time in the life of each clump when the juice in the early and late canes tends 
to be of about the same richness, a period of equilibrium which may be regarded 
as the optimum of richness in the juice of the whole clump. It is probable that 
this point of time will vary in each clump of the ssttne variety, even under the 
same conditions ; it is likely that it will vary more in different varieties of the 
same group, and still more in the different groups. Besides this, the maximum 
richness of the juice in the clumps in any variety will naturally depend upon 
whether it is an early or late maturing kind. 


r 
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Boiler Heating Surface.* 


Engineers have for many years past been in the habit of thinking of ten 
square feet of water-heating surface as a boiler horse-power, so called. Boilers 
were formerly not driven much beyond their normal rating and flue-gas tem- 
peratures around six hundred degrees Fahrenheit were regarded as consistent 
with good operation. Any heat-absorbing surface added to recover a portion 
of the heat lost in the flue gases was generally in the form of a cast-iron econo- 
mizer and distinct from the boiler itself. Economizer surface is understood to 
consist of water-heating rather than steam-generating surface. 

In recent years the steel-tube economizer has been introduced as well as the 
so-called integral economizer, which latter forms a portion of the circulating 
system of the boiler itself. It is generally not difficult in a boiler design em- 
bodying integral economizers to designate certain heating surfaces as economizer 
surfaces, for the arrangement of gas baffles, water circulation, etc., clearly indi- 
cate that such surface is essentially water-heating and not steam-generating sur- 
face. 

Coincident with this development the builders of horizontal water-tube 
boilers brought out the so-called “high’* boiler. Instead of the original nine 
by twelve tube high boiler, we now have available eighteen, twenty-one and even 
twenty-four tube high boilers. The high boiler with proper baffles will have 
lower flue-gas temperature than the old standard boiler with twelve tubes high 
and therefore, will operate at higher efficiency. 

It has teen stated that a portion of this added surface acts as a water-heal- 
ing surface and is in a way equivalent to the surface of an integral economizer. 
This is not true in the case of practically all types of standard water-tul)e boilers 
with tubes inclined only slightly to the horizontal. The feed water in such boil- 
ers usually enters at the upper drum, where it comes in contact with the water 
which has risen from the tubes and which is in a state of ebullition, giving off 
steam. The feed is almost instantly heated to boiler temperature in the drum 
and passes down into the circulation system of the boiler along with the other 
boiler water. The tube surfaces receive only water at boiler temperature and, 
therefore, can never be considered as water-heating or economizer surface, 1)ut 
as true steam-generating surface. 

The high boiler merely exposes additional heating surface to the furnace 
gases and by lowering the flue-gas temperature increases the boiler efficiency. 
High boilers cannot be forced to give the same average evaporation per square 
foot as the old standard boilers. These considerations emphasize still further the 
illogical definition of ten square feet of heating surface as a boiler horsepower. 
It seems apparent that engineers must revise their ideas of boiler ratings and 
consider boiler output, especially when they have the high boiler in mind. 

[W. E. S.] 

*Prom Power,*’ November 14, 1922. 



Annual Synopsis of Mill Data, 1922. 


By W. R. McAtXEP. 

All factories in the Association have furnished data for this Synopsis. 
All except eight of the forty-one had finished grinding on October 1, at which 
time it was necessary to have all schedules forwarded. T^he unharvested 
portion of the crop at these factories at the time data were forwarded, approxr 
imates 2.5% of the 1922 crop. The tabulated matter is presented in prac- 
tically the same form as in the last few synopses. Analytical data and true 
average are in the first of the large tables, details of mill settings, etc., are 
in the second, and in the third details of surface and juice grooving now in 
use. Factories are listed in the order of the average size of the crop for the 
past five seasons. 

VARIETIES OF CANE 


Varieties of cane ground to the extent of 1% or more of the total crop 
are tabulated in Table 1. This season the decrease in the tonnage of Lahaina 
has reduced this variety to fourth in importance, H 109 and D 1135 which 
were last season third and fourth now being second and third. The propor- 
tion of Yellow Caledonia is also diminishing. There is a marked biennial 
variation in the proportion of this variety and this is the principal factor 
influencing the comparatively large decrease shown this year. Figures for 
the last five years, however, indicate a gradual decrease. H 109 shows the 
largest increase. The proportion of D1135 has consistently increased from 
year to year. The Tip cane shows a fairly consistent increase. 

Varieties included in the column “Other Varieties,” that formed 1% 
or more of the crop at any one factory are; 


Variety 

H 146 

Yellow Bamboo 

H 20 

Badila 

White Bamboo . 
H 291 


% of Total Crop 
... 0.82 
... 0.29 
. . . 0.17 
... 0.15 
... 0.15 
. . . 0.03 


Total <.61 

« V' 

H 227 does not appear in the above tabulation, for though the tonnage 
was the same, as that of H 291 it did not make up 1% of the crop at any one 

factory. 

A comparison of Table 1 with the similar table in the Synopsis for 1914, 
the fii*st year in which such data were compiled, shows the extent of the 
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TABLE NO. 1, 


VARIETIES or CANE. 



H. C. & 8. Co 

47 

> 19 

1 32 


2 

1 

Oahu 

5 31 

1 16 

39 


, , 

.... 9 

Ewa 

2 95 


. , 


. . 

. . 1 . . 3 

Pioneer 

32 

2 

21 


41 

. . ! . . 4 

Waialua 

11 ' 17 

25 

17 



13 20 

Maui Agr 

4 40 

1 11 

23 


3 

17 ! 2 

Haw. Sug 

2 35 

j 38 

9 



. . j 10 

Olaa 

90 

10 

. . 

•• 

. . 

' 

Honolulu 

.19 30 


24 

•• 


.. 2 

Onomea 

70 

1 


1 29 


.... 1 .. 

Hakalau 

91 ; .. 

1 


9 



Kekaha 

1 1 

10 

87 



1 

McBryde 

33 44 

23 

* * 

. . 



Hilo 

94 

I 5 


, . 


..1 

Lihue 

92 5 

2 




..1 

Haw. Agr 

51 

20 




3 ! . . i 20* 

Wailuku 

3 42 

3 

12 

, . 

31 

.. i .. 9 

Makeo 

97 3 






Honokaa 

24 5 

70 


. . 



Laupahoehoe 

51 

8 


35 


.. 1 O’.. 

1 

Pepeekeo 

97 

, , 

, , 



1 

. . ' 

Waiakea 

100 

. . 




1 

Kahuku 

74 14 

3 

9 

. . 

.. 

. . 

Koloa 

95 1 

4 

, , 

, , 


. . 1 . . ' . . 

Ilamakua 

3,1 , 1 

27 

* • 

8 


.. 1 31 

Honoinu 

98 




i 

1 .. i 1 1 

Paauhau 

58 1 . . 

34 


i 


3 

Hawi 

23 32 

18 

. • 

, 27 


1 

Hutchinson 

41 : . . 

i 1 


1 


57 *. 1 

Waianae 

1 ; 82 

•• 

14 



. . ! 3 

1 

Kaiwiki 

49 

10 


' 25 


15 1 

Kilauea 

97 : .. 


• • 



3 

Kohala 

22 I .. 

2h ' 

• • 1 

; 38 


.. : .. 17 

Kaeleku 

100 


. . ! 

1 • • 


1 . . ; 

Waimanalo 

90 i 2 

i 

•• 

! 

! 


I ^ ^ 1 2 

Niulii 

80 1 . . 



i 

i 0 



Halawa 

50 

i 30 1 


40 ! 

j 

' 

Wainiea 

1 1 20 

3 

75 




Olowalu 

.. 47 

' . . 1 

35 


is 


Union Mill 

24 ! 3 

1 *0 


00 


! . 1 i • • 

Kipahulu 

100 I . . 

I 


•• 


. . . . . 

True Average 1922... 

40.3 21.1 

1 12.2 

12.0 

4.3 

2.8 

1.0 1 1.2 ' 4.5 

'' 1921.. 

45.1 15.0 

i 11.0 

17.4 

3.0 

3.0 

1.0 ! 1.1 3.4 

'' 1920... 

42.7 9.1 1 

1 10.0 

26.7 

3.5 

2.5 

0.8 1 1.0 ' 3.7 

1919... 

46.4 6.8 1 

7.2 

29.1 

2.9 

1 8 

2.1 ! 1.1 2.6 

1918... 

42.9 4.0 1 

1 

7.5 

37.9 

2.0 

0.6 

1.1 0.8 . 3.2 


•White and Yellow Bamboo 12%. 
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tendency to extend the minor varieties over considerable areas. In that year 
no sin^^U minor variety was ground to the extent of 1% or more of the crop, 
at more than 15% of the factories. The total tonnage, with the exception of 
a comparatively small proportion, was made up of Yellow Caledonia and 
Lahaina. This season D 1135, the third most important variety, is reported 
from 70%, while the fourth and fifth varieties, Lahaina and the Tip canes, are 
each reported from a third of the factories. 

QUALITY OF CANE 

The quality of the cane has been poorer than in any previous year, not 
excepting the low point reached in 1918. The difference between 1921 and 
1922, however, is not very great, amounting to slightly over .03 in quality ratio. 
Juices have been higher in purity than last year, but lower than in any other 
season. The fiber has been higher than in any previous year. 

Table 2 is the composition of the cane by Islands. On Kauai opjly was 
the qitality better than during the preceding a||^on. On Oah\i the quality 
was practically the same. On Hawaii it WM^jwhewhat poorer than last year, 
but slightly better than in 1918. On Ma^‘ it was considerably poorer than 
in any previous season. 

MILLING 

The factories are arranged in the order of the size of their milling loss 
in Table 3. Two factories, Hakalau and Onomea, have bettered the record 
for milling loss of 1.16 made by Onomea last year. Three factories report 
milling losses under 1.5 against 5 last year, while 16 report under 3.0 against 
21 last year. None of the factories this year secured 99 extraction. Five 
report better than 98 extraction against nine last year. Marked improve- 
ment is reported from the five factories at the bottom of the list. Two fac- 
tories only report milling losses higher than 5.5 against four last year. 

Olowalu, Pioneer, Paauhau, Waialua, and Kaeleku have materially im- 
proved their relative standing in the tabulation though only the' first two re- 
port better work. Ewa, Maui Agricultural Company, Honokaa, and Waianae 
are materially lower in their relative standing. 

This is the first time since 1911 that the milling work has failed to show 
an improvement over that of the preceding season. The average milling loss 
compared with last year has increased from 2.64 to 3.02 and the extraction has 
dropped from 97.43 to 96.98. Figures for milling loss, extraction ratio, and 
extraction indicate that the quality of the work has been of about the same 
order as in 1917. # 

The averagpes have been considerably affected by lowdr extractions ob- 
tained all three of the larger mills. At one of these the extraction was low 
because a half of the milling equipment only was available while a consider- 
able portion of the crop was ground. At another on-account of operating 
at higher capacity the cane was ground in two 12-roller tandems while last 
seasoi^ one IS-rdlter tapdem was used. Lower extraction at these two, to- 
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TABLE NO. 2. 

COMPOSITION OF CANE BY ISLANDS. 



Hawaii 

Maui 

Oahu 

1 

! 

Kauai 

Whole 

Group 

1913 






Polarization 

13.22 

15.56 

14.21 

13.70 

14.05 

Percent Fiber 

13.74 

11.73 

12.75 

12.50 

12.85 

Purity Ist Mill Juice .... 

88.47 

91.11 

88.20 

88.12 

89.02 

1914 






Polarization 

12.75 

15.16 

14.23 

13.62 

13.78 

Percent Fiber 

13.62 

11.59 

12.44 

12.75 

12.74 

Purity 1st Mill Juice .... 

88.22 

91.02 

88.11 

87.51 

88.71 

1915 






Polarization 

12.61 

15.23 

14.29 

14.09 

13.77 

Percent Fiber 

13.00 

11.44 

12.77 

12.46 

12.51 

Purity 1st Mill Juice .... 

87.86 

90.48 

87.27 

86.99 

88.24 

1916 






Polarization 

12.54 

14.62 

13.74 

13.26 

13.45 

Percent Fiber 

13.22 

12.22 

12.51 

12.86 

12.74 

Purity 1st Mill Juice .... 

87.56 

89.41 

87.15 1 

86.26 

87.70 

1917 






Polarization 

13.31 

15.43 

13.55 

13.13 

13.76 

Percent Fiber 

13.23 

11.67 

12.25 

32.89 

12.62 

Purity 1st Mill Juice .... 

88.11 

90.69 

86.86 

86.70 

88.02 

1918 






Polarization 

11.88 

14.25 

13.50 

12.54 

12.97 

Percent Fiber 

13.35 

11.53 

12.23 

12.84 

12..50 

Purity 1st Mill Juice .... 

87.27 

88.62 

86.93 

85.88 

87.18 

1919 






Polarization 

12.74 

15.12 

14.24 

13.52 

1.3.74 

Percent Fiber 

13.07 

11.74 

12.14 

12.61 

12.49 

Purity 1st Mill Juice .... 

87.54 

88.81 

87.00 

85.82 

87.34 

1920 






Polarization 

12.86 

15.29 

13.75 

13.07 

13.64 

Percent Fiber 

13.36 

11.39 

12.65 

12.72 

12.64 

Purity 1st Mill Juice .... 

87.87 

88.94 

85.40 

86.52 

87.24 

1921 






Polarization 

12.25 

14.67 

13.72 

12.67 

13.12 

Percent Fiber 

13.28 

11.82 

12.40 

13.28 

12.80 

Purity 1st Mill Juice .... 

87.18 

87.37 

85.46 

84.07 

86.22 

1922 






Polarization 

12.07 

1.3.95 

13.61 

1.3.03 

12.97 

Percent Fiber 

13.16 

12.38 

12.88 

1.3.22 

12.9.5 

Purity 1st Mill Juice .... 

87.17 

87.88 

86.18 

85.80 

86.84 
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gether with poorer results secured at a third large factory reduce the average 
to the extent of almost 0.3, or some 60% of the whole decrease. While the 
decrease in the quality of the milling work has been rather general, 66% of 
the factories reporting higher milling losses, 62% higher extraction ratios 
and 72% lower extraction, the averages would have been depressed to a 
considerably smaller extent had it not been for the lower results secured at 
these three of the larger factories. 

The average moisture in the bagasse has increased from 41.20 to 41.51%. 
The tendency has not been general, the factories reporting higher and lower 
bagasse moistures being almost evenly divided. 

The pressures carried on the mills are not materially different from those 
reported a year ago. A half of the factories report the same pressure as be- 
fore. Nine factories report heavier pressures, while eleven report lighter. 
Three or four of the latter report moderately large decreases. Taken as a 
whole the figures indicate a slight tendency toward lighter pressures. 

The maceration has been reduced from 39.vl0 to 34.75, 64% of the fac- 
tories reporting a decrease in the amount used. While higher moisture in the 
bagasse tends to indicate some decrease in the efficiency of the mills con- 
sidered as machines for extracting juice b|f. pressure, it is probable that the 
comparatively large reduction in maceration is a much greater factor in the 
poorer results secured. 

Conditions during the past year have rendered it particularly desirable 
to curtail all avoidable expense, and the change in the quality of the milling 
work is, no doubt, largely a reflection of efforts in this direction. As the 
reduction in hydraulic pressure has not been general, and in only a few cases 
has it been enough to be of any consequence, presumably the saving in wear 
and tear on equipment has been small. The reduction in maceration, however, 
has been accompanied by a reduction in the amount of extra fuel burned, and 
in this direction savings in expenditures have been made. Such savings, how- 
ever, have only been possible at factories where it has been the practice to 
burn extra fuel. It is significant that the four factories at the head of Table 3 
have reported the use of no fuel other than bagasse and molasses either this 
or last year, and that three of these report improvements in milling. Con- 
sidering the fiber content of the cane as a measure of the fuel available these 
factories are not particularly favored, for but one reports a fiber content higher 
than the average. The results secured at Pioneer are also significant. At 
this factory the fiber is considerably below the average and formerly extra 
fuel in considerable amounts was burned. The capacity of the boiling house 
has been increased and while making the change the evaporating and boiling 
equipment has been brought to an economical capacity. This together with 
changes in the boilers and the present method of operatjpn has permitted 
an improvement in the milling work not only without the, use of extra fuel, 
but with a credit to the mill for power supplied to outside points equivalent 
to 12% of the total amount of bagasse. It should be noted that in making 
new installations the extra cost of equipment of sufficient capacity to do the 
work economically over that of barely sufficient capacity to perform the work 

is usually but moderate proportion of the total cost. Theoretically the 

% 
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TABLE NO. 3.— MILLING EESULTS. 

Showing the Bank of the Factories on the Basis of Milling I.oss. 



Factory 

Milling 

Lobs 

Extrac 

tion 

Ratio 

Extrac- 

tion 

Equipment 

1. 

Hakalau 

1.10 

0.09 

98.84 

2RC54,12RM9-60,3-66 

2. 

Oiiomea 

1.15 

: 0.09 

98.79 

2RC60,S54,12RMf)6 

3. 

Hilo 

1.29 

1 0.11 

' 98.48 

K,2RC60,12RM66 

4. 

Pepcekeo 

II. C. & S. Co. . . 

! 1.88 

i 0.10 

i 98.00 

2RC54,9RM60 

5. 

! 2.14 

I 

! 0.14 

98.19 

K(4),2R(78(2),S72(2),12RM78(2) 


Paaiihau 

2.34 

0.20 

97.30 

2RC60J2RM66 

7. 

Makee 

1 2.43 

0.21 

97.06 

K,2R(72,S72.9RM72 

8. 

Wailuku 

1 2.45 

i 0.19 

1 97.69 

K,2RC72,12RM78 

9. 

Koloa 

2.54 

1 0.21 ’ 

: 97.09 

K,2RC60,12RM66 

30. 

Li hue 

i 2.55 

j 0.21 

i 07.4?0 

K,2RC78,S72,12KM78 

11. 

Pioneer 

' 2.58 

0.18 

97.79 

K,2RC72,S72,15RM72 

12. 

Haw. tSug 

2.02 

0.17 

97.82 

K.2RC72,S72,3 2RM78 

13. 

Haw. Agr 

2.02 

0.22 

97.06 

3RO60,12RM66 

14. 

Hoiiomu 

2.00 

0.22 

97.34 

2RC60,9RM60 

15. 

Olowalu 

2.70 

0.20 

97.53 

K,3RC48,»RM48 

10. 

Kilauea 

2.73 

0.25 

96.71 

K,8,3RC60,9RM60 

17. 

Waimea 

3.04 

0.22 

97.45 

2RC48,12RM42 

18. 

Laiipahaehoo . . . 

3.22 

0.26 

96.66 

K,2RC60,9RM60 

19. 

Waialua 

1 3.32 

0.24 

96.97 

K(2),2RC78,12RM78 

20. 

Honokaa 

3.33 

0.29 

1 96.27 

K(2),2RC66,12RM66 

21. 

McBryde 

3.38 

0.25 

1 96.43 

2R(72,S72,9RM84 

22. 

Olaa 

3.38 

0.28 

' 96.26 

K,S72,12RM78 

23. 

Maui Agr ' 

1 3.45 1 

0.25 1 

96.99 

K(2),3RC66,18EM66 

24. 

Hawi 

3.52 ! 

0.26 1 

I 96.79 

K (3) ,3RC 48,1 2RM 3-48,9-54,2R( ^54, 
12RM54 

25. 

Hutchinson 

3.75 

0.33 

9.5.72 

2R(^60,9RM60 

20. 

Oahu 

3.70 

0.26 

96.73 

K(2),2R078(2),S72,12RM78(2) 

27. 

Kahuku 

3.77 

0.32 

94.95 

3RC60,854,9RM72 

28. 

Kaeleku 

3.77 

0.34 

95.06 

K(2),2RC54,9RM60 

29. 

Kekaha 

3,80 

0.28 

96.59 

2RC54,9RM60 

30. 

Ewa 

3.95 

0.30 

96.19 

K(2),2RC78,18RM78 

31. 

Waianae 

3.96 

0.29 

96.07 

K(2),12RM60 

32. 

Honolulu 

4.00 

0.29 

96.51 

K (2) ,S54,2RC78,9RM78 

33. 

Kohala 

4.09 

0.32 

95.72 

K(2),3RL60.9RMn0 

34. 

Kaiwiki 

4.14 

0.33 

95.34 

K,2RC60.9RM60 

35. 

Waiakea 

4.49 

0.36 

95.18 

K,S42,2RC60,9RMr)0 

30. 

Hamakua 

4.54 

0.35 

95.15 

K2RC60,12RM60 

37. 

Union Mill 

5.14 

0,42 

93.84 

K.9RM60 

38. 

Halawa 

5.41 

0.48 

93.48 

K.2RC60,6RM50 

39. 

Niulii 

7.93 

0.65 

91.40 

K,9RM54 

40. 

Kipahulu 

8.10 

0.69 

90.35 

K.5RM3-42,2-54 
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bagasse, particularly when supplemented with molasses, should furnish suf- 
ficient fuel to maintain a high quality of work and the above, indicates that 
with equipment suitable for the conditions at the factory in question and with 
proper operation, this is also the case in practice. 

In the greater number of Hawaiian factories additions have been made 
to the equipment from time to time. In some cases the changes have con- 
formed to well considered plans, taking into consideration the conditions 
under which the factory must operate, while in others the results of the 
changes are installations decidedly faulty from the standpoint of fuel econ- 
omy. Providing a factory has been supplied with enough cane to operate at 
a reasonable capacity, whether or' not a high quality of milling work has 
been substantially maintained under conditions involving the reduction of ex- 
penses to a minimum, is within certain limits a test of how closely the equip- 
ment conforms to sound engineering and thermodynamic considerations, and 
also as to whether or not previous high extractions have been secured by 
economical methods. Instances have come to the writer’s attention where 
comparatively minor changes would permit an improvement in the work, or 
perhaps more accurately stated, with, such piinor changes a greater amount of 
useful work could be obtained from a given anio\^';)of fuel. At some fac- 
tories, however, fundamental faults in design, render changes that would put 
them on a satisfactory basis from the standpoint of fuel economy, a much 
more extensive undertaking. 

Had the quality of the milling work been the same as that of the previ- 
ous year the average extraction would have been 97.40. The yield has been 
decreased by the amount of commetcial sugar corresponding to the differ- 
ence between 96.98 extraction and this figure. "While the investigation of 
the yield of sugar from the last extracted juices has not been completed we 
have more definite information than was previously available on this subject. 
The experiments on last mill juice now completed and under way strongly in- 
dicate that these last extracted juices are at least as valuable for manufactur- 
ing purposes as would be inferred from their analyses. This indication has 
been confirmed in factory practice at Ewa during the past season. Com- 
parison of the periods of low and high extraction, when a part only and the 
whole of the milling machinery was in use, indicates that the expected re- 
covery due to the higher extraction in the latter period was fully realized. 
The writer considers 2000 tons of commercial sugar a conservative estimate 
of the reduction in the tot^l 1922 output due to the lower extraction compared 
with that of the previous season. Balancing the value of this sugar against 
the saving in expenses that have resulted in lowering the extraction, would 
give valuable information. ^ 

Attention was called in the Synopsis for last year fo the fact that the 
efficiency of the maceration is low. If this question receives the jsame study 
that has been given to other features of the milling work this efficiency will, 
no doubt, be greatly improved. "We have here a most^proinising field for an 
improvement in the economy with which a high quality of milling work cart 
be oobtained. ^ 
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As would be expected, with lower extraction the difference in purity be- 
tween the first and last mill juices has been reduced from 20.33 last year to 
17.71 this season. The difference between first mill and mixed juice purity 
has also been reduced from 3.45 to 3.11. While lower extraction has doubl'- 
less influenced the latter difference, detailed examination of the figures fails 
to indicate that it has been a major factor in bringing about the change. 
Twenty-seven factories report lower extraction than last year, thirteen of 
these report smaller differences in purity while fourteen report larger differ- 
ences than last year; twelve factories report increased extraction and of these 
six report smaller and six larger differences. 

The average differences in the years for which figures are available are 
tabulated below together with extraction and maceration data : 

Diflorence in Purity between First Mill and Mixed Juices: 


THirity 


Year. 

Ext. 

Macc'ration. 

Difference 

1914 

95.46 

33.64 

3.01 

1915 

96.30 

35.04 

3.49 

1916 

96.87 

39.85 

3.11 

1917 

97.05 

39.39 

3.14 

1918 

97.21 

38.99 

3.19 

1919 

S)7.30 

40.80 

3.05 

1920 

97.45 

39.95 

3.37 

1921 

97.43 

39.30 

3.45 

1922 

96.98 

34.75 

3.11 


Changes in the differences tabulated above do not follow very closely 
changes either in extraction or in the amemnt of maceration. In 1915, a year 
in which the extraction was comparatively low the difference is abnormally 
large. There is an increase in 1920 accompanying a comparatively small in- 
crease in extraction and somewhat reduced amount of maceration. The 
difference in purity becomes still greater in 1921 with practically the same 
extraction as during the previous year and a further reduction in maceration. 
In other years the difference has fluctuated within comparatively narrow 
limits, and the 1922 figure is almost identical with the average of the years 

other than 1915, 1920 and 1921. These data strongly indicate that in actual 

practice, other factors have probably affected the difference between the first 
mill and mixed juice purities more than changes in extraction or in the 
amount of maceration. The care taken to keep the mills clean and the 

amount of field trash accompanying the cane are probably among the more 

important of these factors. 

GRAVITY SOLIDS AND SUCROSE BALANCES 

These data appear in Table 4. As in previous years when suspended 
solids in mixed juice has not been reported, it has been estimated as 0.25%. 


7 
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Data for making up these balances have been reported from the sam6 
factories as last year. The writer would again point out the desirability of 
the remaining factories making the necessary determinations so that this 
more accurate basis can be used for the control. Improvements in methods 
resulting in greater simplicity and a reduction in the time required, render 
it comparatively easy to make the change. Balances calculated on a polar- 
ization basis are deceptive, for the undetermined loss so found is smaller 
than it is in reality. An arithmetical average of the undetermined losses 
shown by the more accurate true sucrose figures in Table 4 is over 0.6 larger 
than the arithmetical average of the undetermined losses of the same faC' 
tories on a polarization basis. 

BOILING HOUSE RECOVERY 

Boiling house recoveries based on polarization and the assumptions 
noted at the foot of the table, compared with the calculated available sugar 
appear in Table 5. The use of these assumptions introduces a factor of error, 
probably not over plus or minus 1%. On this basis recoveries of over 101% 
on the calculated available indicate the probability of errors in the control, 
while recoveries of under 99% may indicate such errors or actual losses. Re- 
coveries on available higher than 101% are reported from three factories. 

Table 6 is a similar comparison of the factories furnishing the necessary 
data on the more accurate true sucrose basis. In previous synopses the state- 
ment has been made that there would seem to be no reason other than errors 
in the control, why the recoveries on available in this table should exceed 
100%. It would seem that such a statement should be modified, particularly 
as a third of the factories included in Table 6, this year report recoveries of 
100% or more. It is well known that the condensate resulting from evaporat- 
ing and boiling operations is not jjure water. In reboiling molasses at this 
Station, acid products have always been found in the condensate, and during 
crystallization gases have usually been given off. Also in many factories, 
where an increased amount of lime has been used in clarification the presence 
of ammonia in the condensate is quite apparent. We have no definite in- 
formation as to the extent to which the volatilization of solids, of which the 
above is evidence, occurs. Presumably it is greater in amount with a more 
alkaline clarification. Such volatilization of solids in the evaporators does 
not affect calculations such as those in Table 6, as they arc based on syrup 
purities. Occuring in subsequent operations, however, volatilization of solids 
would tend to reduce the molasses produced and to increase the sucrose re- 
covery in proportion to the calculated amount. 

CLARIFICATION 

For the first time in eight years, with the single exception of in 1918, the 
increase in purity from mixed juice to syrup has been larger than in the 
preceding season. The increase, 1.23, is smaller, however, than in any season 
except 1921. Sixty-two per cent of the factories report larger increases than 
last year. 
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TABLE NO. 5. 

APPABENT BOILING-HOUSE EECOVEEY. 


Comparing percent available sucrose in the syrup 

polarization actually 

(calculated by formula) with percent 
obtained. 





1 

Recovery 



Factory 

Available * 

Obtained 

on 






Available 



H. 0. & S. Co 

91.32 

91.42 

100.1 



Oahu 

91.24 

92.04 

100.9 



Ewa 

90.98 

1 91.17 

100.2 



Pioneer 

92.27 

93.62 

101.5 



Waialua 

89.38- 

88.23 

98.7 



Maui Agr 

90.52 

91.89t 

J01.5 



Haw. Sttg * . 

92.37 

92.36 

100.0 



Olaa 

90.22 

89.29 

99.0 



Onoxnea 

93.1.3 

92.61 

99.4 



Hakalau 

92.05 

92.85 

100.9 



Kekaha 

89.70 

89.10 

99.3 



McBryde 

90.19 

85.92 

95.3 



Hilo 

91.38 

91.25 

99.9 



Lihue 

88.64 

90.09 

101.6 



Haw. Agr 

91.31 

89.68 

98.2 



Weiluku 

91.75 

91.96 

100.2 



Makee 

86.42 

87\27 

101.0 



Honokaa 

89.87 

89.02 

99.1 



Laupahoehoe 

91.25 

90.63 

99.3 



Pepeekeo ^ 

92.73 

02.57 

99.8 



Waiakea ' 

90.97 

! 90.01 

98.9 



Rahuku 

86.81 

1 84.47 

97.3 



Roloa 1 

85.26 

i 84.85 1 

99.5 



Hamokua | 

88.72 

85.83 ! 

96.7 



Honomu | 

92.77 

1 

1 93.04 1 

100.3 ' 



1 1 

Paauhau | 

91,07 i 

91.23 i 

100.2 



Hawi 1 

91.42 j 

84.02 

91.9 



Hutchinson i 

89.53 

88.31 

98.6 



Waianae 

88.78 

85.89 

96.7 



Raiwiki 

90.27 

90.40 1 

100.1 



Rilauea 

83.65 

78.21 1 

93.5 



Rohala 

91.14 

91.33 ; 

100.2 



Raeleku , 

86.28 

85.84 1 

99.5 




89.48 ! 

1 89.82 t 

100.4 



1 ^awa 1 

1 90.49 

1 85.75 j 

1 94.8 



Waijnea [ 

' 87M *1 

^ 81.21 i 

93.1 



OIowbIu 

90.35 

86.45 

95.7 


\5nion MiB ; 

89.98 

88.22 1 

. 98.0 


1 Ktpahulu ' 

88.63 1 

1 

86.57 i 

97.7 

1 f ' 

1 


* tM v(tUiU% wsxm Vt 1% vmmuj stvrtS.'i 

^ ttifftr. Bata from factorlaii determining both apparent and gfarlty purities Indicate 

eomction necessary is the addition of 0.8 to the apparent purity of the syrup and 
ait Ifijlly of the sugar* When the moisture in the sugar has not been reported 
A* has been used wh^ the gravity purity .of the molasses has not been re* 
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TABLE NO. 6. 

TEUE BOILING-HOUSE EECOVEEY. 
Comparing percent sucrose available and recovered. 


Factory 

Available 

Obtained 

" 

% Recovery 
on 

Available 

H. C. & S. Co 

91.43 

90.27 

98.7 

Oahu 

91.30 

91.58 

100.3 

Ewa 

91.13 

90.18 

99.0 

Pioneer 

92.07 

93.58 

101.6 

Waialua 

89.28 

87.74 

98.3 

Maui Agri 

90.52 

91.89 

101.5 

Onomea 

93.10 

92.10 

98.9 

Hakalau 

92.09 

92.18 

100.1 

Hilo ; 

91.17 

91.17 

100.0 

1 Haw. Agr 

91.38 

89.71 

98.2 

! Wailuku ! 

91.82 

91.68 

99.9 

i Makee , 

86.33 

86.65 1 

100.4 

i Laupahoehoe 1 

91.23 

89.98 ! 

98.() 

i Pepeekeo i 

92.61 

92.18 

99.5 

j Waiakea | 

90.74 

89.58 

98.7 

1 Hamakua 

88.46 

85.57 

96.7 

1 Honomu 

92.69 

92.48 : 

99.8 

Paauhau 

90.83 

91.36 1 

100.6 

1 Hutchinson 

89.59 

87.56 1 

97.7 

Kilauea , 

j 

82.96 

78.15 1 

94.2 

Kohala | 

91.08 ; 

91.16 j 

100.1 


1 


TABLE NO. 7. 

PERCENT MOLASSES PRODUCED ON THEORETICAL. 


H. C. & S. Co 

88.1 

Honokaa 

95.0 

Oahu 

90.3 

Laupahoehoe 

87.4 

Ewa 

87.9 1 

Pepeekeo 

84.4 

Pioneer 

91.4 

Waiakea 

74.5 

Waialua 

81.0 

Kahuku 

78.0 

Maui Agr 

88.9 

Koloa 

89.6 

Haw. Sug 

82.1 

Hamakua 

36.2 

Olaa 

93.7 

Honomu 

89.6 

Honolulu 

.99.4 

Paauhau , 

86.2 

Onomea 

90.0 

Hutchinson 

88.6 

Hakalau ( 

84.7 

Kaiwiki 

71.5 

Kekaha 

1 87.7 

Hilauea 

1 81.0 

'M’n'Rrvdo . - . . 1 

1 94.3 

Kohala ' 

i 94.2 

Hilo •••* 0 t 0 $ 000 tt 0 $ 0 t 0000 »t . 

) m . ' 

j Eaeleku 

) 82.7 


Lihue 

Haw. Agr. 

Wailuku 

Make® 


89.6 

88.9 

95.0 

8i.r 


f( Niulii 

Waimea 

Olowalu 


82.9 

91.9 
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The amount of lime used has increased from 0.074 to 0.084% on cane. 
Twenty-three factories report larger and eight smaller amounts. Of the 
factories using more lime, 75% report a better increase in purity than last 
season, while 60% of the factories using less lime report smaller increase.^. 
Factories that used the same amount of lime as the previous season are 
evenly divided between larger and smaller increases in purity. 

The polarization of the press cake is higher than in any year for which 
the figures have been averaged. The same is true of the weight of press 
cake, and also the loss of polarization in press cake per cent polarization of 
the cane. The latter has now increased to over half of one per cent. The 
increase in the lime used has contributed to the increased loss in press cake, 
for with more alkaline clarification it has been necessary to filter a greater 
volume of settlings, thus increasing the work required of the presses. With- 
out doubt also less water has been used in sweetening off for reasons similar 
to those that have resulted in the reduction in maceration. 

Attention is called to the averages at the bottom of the column headed 
“Increase in Purity” ahd “Press Cake — Weight per 100 Cane,” in the first 
of the large tables. With few exceptions the increase in purity has steadily 
diminished from year to year while an equally consistent increase lias taken 
place in the weight of press calce per cent cane. This increase in the 
amount of press cake may be accepted as a fairly reliable indication of the 
increase in the amount of cush cush in the juice, for while definite information 
as to what proportion of the press cake consists of cush cush is not at pres- 
ent available, it is probable that, depending on the conditions at different 
factories, it amounts to from 60 to 80% of the solids in the cake. The term 
“cush cush” is here used to designate particles of sufficient size to be removed 
by screening. Lime and heat dissolve a part of such material. That the 
addition of impurities to the juice in this manner actually takes place during 
clarification has been demonstrated in experimental work at this Station. 
This, with inferences that might be drawn from the figures referred to above, 
and detailed analyses of figures from individual factories which point strongly 
in the same direction, leaves little doubt but that the constantly increasing 
amount of cush cush in the mixed juice has been an important factor con- 
tributing to the smaller increases in purity. There is also little doubt but 
that the increased amount of press cake this season would have been accom- 
panied by a .still smaller ' “Increase in Purity” had it not been for the use of 
an increased amount of lime in clarification. , 

EVAPORATION 

The syrup was evaporated to a higher density than in any previous year ; 
an improvement in the work from the standpoint' of fuel economy. Bringing 
the syrup to a higher density has , required less evaporation per cent cane 
than in previous years^ because of a smaller quantity of mixed juice, the re- 
sii^lt*of decreased maceration. 
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COMMERCIAL SUGAR 

There has been a slight increase in the polarization of the commercial 
sugar ^ the figures being 96.75 last year against 96.88 this season. The mois- 
ture in the commercial sugar has decreased from 0.92 to 0.87Vf. The de- 
terioration factor remains unchanged at 0.28, the decrease in moisture being 
in proportion to the increase in polarization. Experiments have shown that 
deterioration can take place in Hawaiian sugars with a deterioration factor 
above 0.25. In sugar of 96.88 polarization, 0.78V( moisture corresponds to a 
deterioration factor of 0.25. A deterioration factor of 0.28 is dangerously near 
the point where deterioration may be expected. 

FINAL MOLASSES 

The gravity purity of the final molasses has increased from 38.53 to 38.75, 
the latter figure being identical with the 1920 average. Higher syrup purities 
have had a tendency to decrease the amount of molasses, and notwithstand- 
ing the higher molasses purity, the weight of molasses per cent cane, and 
also the loss of sucrose in molasses per cent cane are considerably smaller 
than last year. Had the molasses purity been reduced to the point reached 
last year, the recovery of sugar would have been further increased by al- 
most 0.1. 

Table 7 shows the molasses accounted for compared with the theoretical 
amount. The latter has been a.ssumed to be the solids in the syrup less the 
solids recovered in the commercial sugar. While calculating the theoretical 
amount of molasses in this way is not free from objection, it gives a satis- 
factory comparative figure except when undertermined losses are very large. 
This is the fourth year that Table 7 has been compiled. The figures reported 
have been more consistent in each succeeding year. This year but five fac- 
tories report less than 80% of the theoretical amount against ten last year, and 
for the first time none of the factories report more than 100%. 

Applying similar calculations to the averages we find that in 1921, 87.2% 
of the theoretical amount of molasses was recovered. In 1922 the figure 
is slightly lower; 86.3%. The cliflFerence is not great, but is in the direction 
that would be expected if the previously mentioned volatilization of solids, 
presumably greater in more alkaline liciuors, takes place to any material 
extent. 

Twenty-one of the forty-one factories weigh the final molasses. Control 
figures from the others would be more reliable if actual weights instead of 
weights calculated from measurements were available, for the latter arc at 
best an approximation. Fortunately nearly all of the larger factories are 
included in these twenty-one that weigh the molasses, and inaccuracies in 
the figures from the smaller factories, due to measurements, do not greatly 
influence the true averages. 

RECOVERY 

Compared with the previous season the recovery per cent polarization of 
the cane has increased from 85.86 to 87.02, a dif¥erence of 1.16 and the boiling 
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house recovery from 88.03 to 89.68, a difference of 1.65. Some 60% of the 
higher recovery can be credited to higher syrup purities and 40% to reduc- 
tions in undetermined losses. These higher recoveries, however, have not 
quite made up for the poorer quality of the cane, 'and it has required 8.62 tons 
of cane to make a ton of sugar this year against 8.61 a year ago. 

Last year attention was called to figures showing that during the two 
previous seasons boiling house recoveries compared with the calculated avail- 
able had been decreasing, larger undetermined losses being the principal 
cause. These figures, with the corresponding figures for 1922, and also the 
undetermined losses, appear in the following tabulation. In calculating the 
available, the average of the differences between apparent and gravity purities 
reported from the factories where both are determined, have been used. It 
should be noted that the available does not necessarily represent the max- 
imum possible recovery, as in calculating the available, the gravity purity of 
the molasses actually secured has been used. For this reason a reduction in 
final molasses purity would increase the calculated available. Failure of some 
of the factories to report molasses separately detracts from the accuracy of the 
figures for undetermined, losses. Figures for 1921 and 1922 are not materially 
affected. Tn 1920 and particularly in 1919 a larger number of factories 
failed to report molasses separately and figures for these years are .'■omewhat 
less accurate. Previous to 1919 the average undetermined loss could not be 
calculated with any degree of accuracy. 


Unde- 

Recovery on termined 

Year. Available. Recovery. .Available. Loss. 

1919 91.87%' 90.96% 99.01% 1.27% 

1920 91.17 89..56 98.23 1.76 

1921 89.87 88.03 97.95 1.97 

1922 90.57 89.68 99.02 1.27 


The recovery on available has increased to approximately the value that 
it was in 1919. As the low grade work, or to be more exact, the purity to 
which the final molasses is reduced, does not affect the above calculations, it 
will be noted that the reduction in undetermined loss has been sufficiently 
large to make up for 0.2 greater loss in press cake and still bring about the 
improvement in the recovery on available shown above. The results of ex- 
perimental work at this Station together with observations made at the dif- 
ferent factories enable the writer to state that the smaller undetermined loss 
is principally because the more alkaline clarification has resulted in a reduc- 
tion in the amount of inversion. 

Comparing this year’s work with last, factors that have tended to in- 
crease the losses are lower extraction, increased loss At rh<f filter presses and 
slightly higher molasses purity. These less favorable results Hkve been more than 
offset by-a smaller difference in purity between first mill and mixed juicts, a better 
increase in purity during clarification and a large reduction in the undetermined 
loss. The result has been that though the quality ratio-wookl indicate an increase 
of .034 in the tons of cane required to make a ton of sugar over that necessary in 
1921’, the increase has been actually but .01 ton. 
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Theories are sometimes advanced that high extractions do not improve the 
total recovery. If such theories are valid it necessarily follows that a decrease in 
extraction will cause improvements in boiling house work to such an extent that 
the recovery of sucrose percent sucrose in the cane will not be reduced. Figures 
in the present synopsis are of particular interest, because as noted above the 
decrease in extraction has been more than offset by recoveries in the boiling house. 
The writer has studied the figures in as detailed a manner as available time has 
permitted to see if evidence could be found to substantiate such theories; that 
is to see if the improvement in boiling house work can reasonably be credited to 
lower extraction. 

For a reduction in the extraction to bring about better boiling house work 
it must either cause a reduction in the difference between first mill and mixed juice 
purities, cause a larger increase in purity during clarification, reduce the loss in 
press cake, or lower the purity of the final molasses. A decrease of 0.34 has 
taken place in the difference between first mill and mixed juice purities. If the 
whole of this difference be considered as an improvement in the purity of the 
mixed juice due to lower extraction, the extra recovery obtainable on this account 
would amount to some three-quarters of the extra sugar that could be expected 
had the extraction been equivalent to that of last year. Figures previously dis- 
cussed, however, render it extremely doubtful if any considerable part of the 
reduction in this difference has actually been due to lower extraction. The in- 
crease in purity during clarification is larger than last year, but this can hardly be 
credited to lower extraction. Figures discussed in the paragraph on clarification,*^ 
together with other available data definitely credit tliis to the use of more lime % 
in clarification. As both loss in press cake and the final molasses purity arc higher 
than last year these factors need not be further considered in this connection. 

The greater part of the improvement in the boiling house work is due to a 
reduction in the undetermined loss, a factor that does not seem in any way 
dependent on the quality of the milling work. There is, indeed, ample evidence 
to substantiate the view that this reduction in the undetermined loss is also for the 
greater part due to the use of more lime in clarification. Further analyses of the 
figures might throw more light on the subject, but these can not now be made on 
account of the limited time available for the preparation of this Synopsis. Such 
examination as has been made, however, indicates that improved work in the 
boiling house can be credited to lower extraction only to the extent that the 
latter may have contributed to the reduction in the difference between first mill 
and mixed juice purities, the major part of the improvement being more or less 
<Hrectly attributable to better conducted clarification. 

FACTORY EFFICIENCY 

Table 8 has again been included as the writer considers that such compari- 
sons with standards of work somewhat better than that attained at any of the 
factories are of value. As some objections to the use of these data as means of 
comparing the efficiencies of the different factories have been pointed out, the 
title of the table has been changed from Factory Efficiency to Comparison of 
Actual and Calculated Recoveries. 

The calculations in this Synopsis have been made by A. Brodie assisted 
by H. A. Cook, 
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TABLE NO. 8. 

COMPAEISON OF ACTUAL AND CALCULATED BECOVEBIE8. 

. The factories are arranged in the order of the ratio of their recovery to that resulting 
from 100% extraction, reducing the molasses to 30 gravity purity, and eliminating 
all other losses. Factories reporting a recovery of over 101% of the available (Table 
No. 5) are omitted from this tabulation. 


! 

No. 

Factory | 

Milling 

Boiling 

House 

Over All 


i 

1 

Hakalau ^ 

98.84 

98.59 

97.55 



2 

Onomea ' 

98.79 

97.64 

96.61 


1 3 

Pepeekeo j 

98.00 1 

98.31 

96.44 ' 


4 

Honomu ! 

97.34 i 

98.27 

- 95.8i 


i ® 

Hilo ! 

98.48 1 

96.75 

95.38 1 

^ i 

6 

Haw. Sug 

97.82 

. 97.29 

95.32 

1 7 

Wailuku 1 

97.69 1 

97.18 

95.19 

! 8 

Paauhau * 

97.30 

96.92 

94.55 

1 9 


96.73 

97.34 

94.45 

i 10 

H. C. & 8.|p;"r.... j 

98.19 

95.51 

94.01 1 

11 

Ulwn ! 

96.19 

97.33 

93.93 I 


12 

Kohala , 

95.72 

96.67 

92.74 : 


13 

Makee : 

97.06 

95.17 

92.68 i 

i 

14 ' 

Laupahoehoe j 

96.66 

95.54 

92.56 1 

1 

1 

15 

Kaiwiki ; 

95.34 

96.06 

91.91 1 

' 1 

16 

1 

Kekaha ' 

96.59 

94.94 

91.86 

i 

17 

CBaa 

96.26 1 

94.88 

91.76 

i 

1® j 

Honokaa | 

96.27 i 

94.81 

91.53 1 


19 ^ 


96.97 1 

93.91 

91.30 : 


20 *■ 

Olowalu 1 

97.53 ! 

93.30 

1 

91.21 



21 " 

Haw. Agr 

97.06 - 

93.81 

91.20 



22 ii 

Koloa 1 

97.09 

93.19 

90.84 



23 m 

Waii^ea i 

95.18 

95.07 

90.80 



24 W 

Hutchinson 

95.72 

93.46 

89.76 



25 

Kaeleku 

95.06 

93.59 

89.21 



26 

McBryde 

96.43 

92.10 

89.07 



1 27 

Waianae 

96.07 

92.39 

89.06 



i 28 

Kahuku 

94.95 

93.12 

88.81 



> 29 

Niulii 

91.40 

95.32 

87.39 



30 . 

Union Mill ......... 

93.84 

92.73 

87.32 



31 

Hawi . . 

96.79 

88.93 

86.24 



32 

Hamakua . 

95.15 

90.39 

86.20 



33 

Wainlea 

97.45 

87.10 

85.00 



34 

Halawa 

93.48 

90.67 

84.95 


’ f 

35 

Kipahulu 

90.35 

92.24 

^ 83.68 



36 « 

Hilauea 

96.70 

86.17 

83.59 
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Sugar Prices. 



Centrifugale Sor the Period 


September 16 to December 15, 1922. 

*# / 

Per Pvwnd 

Per Toh 

Bemgfkg 


.. 47S # 

6 64.60 

Cubas. 


.. 4.61 

62.20 

Spot Cabas. 

^ jp . . . 

.. 4.77 

60.40 

Spot Cabas. 

^ n*» • <" f * 

.. 4.866 

97.70 

Cuba* 4.87 and 4.60. 

** kp.i^.,. 

.. 4J6 

66.20 

Cabas. 

8y.... 

.. 6.6688 

101.26 

Spot Oubaa 5.08, PhiUppinea 5.06, Cubaa 5.06 

«- * 



and 5.02. ^ 


. . 6f88 

105e80 

Spot Cabas. 

' « ’ !»}*'••• 

.. 5.^5 

106.30 

Spot Cabas 5.25, Cabas 5.28. 

.r *J5 ‘•••• 

.. Ml 

106.20 

C^baa 5.28, Spot Cabaa 5.34. 


.. 5.40 

108.00 

Cabas. 


.. 5.525 

110.50 

Spot Cabas 5.52 and 5.53. 

u ...... 

.. 5.53 

110*60 

Spot Cabas. 

P: 

.. 5.59 

111.80 

Cabas 5.53, Spot Cabas 5.65. 

" ■^..4... 

.. 5.53 

110.60 

Cabas. 

Tsiw, 3tT...... 

.. 5.59 

nii«o 

Cabas 5.53, Philippines 5*65. 

“ |0 . .« « . . 

.. 5.65 

113.00 

Cabas. 

^ i« 

.. 5.78 

115.60 

Cabas. 


.. 5.53 

110.60 - 

Cabas. 
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Single Eye Plantings 
as an Aid in 
Selection 


Some of the most important varieties of sugar 
cane have originated as bud variations. It is reason- 
able to believe that additional varieties of commercial 
value may be secured in this way. 


In the established varieties, no two stools, nor two stalks in the same 
stool, or even two eyes on the same stalk, are exactly alike. Variability is 
the rule in sugar cane rather than the exception. Some varieties are appar- 
ently more stable than others, while, in some instances, the frequent appear- 
ance of striking bud variations indicates that these varieties are in an active 
mutating stage. 

In close planting, where the sugar cane plants are grown under conditions 
of severe competition, or where they are grown under poor cultural condi- 
tions, it seems apparent that the frequency and range of variability may not 
be so great as where the individual stools are grown under conditions of 
wider spacing and where the cultural conditions are most favorable to the 
individual plant development. 

In some of the experimental bud selection progeny studies, it seems 
apparent that very interesting results may be secured through growing stools 
from single eyes, by spacing these stools at considerably wider distances in 
the row than is ordinarily the case in the regular field planting, and by giving 
these spaced single-eye plantings exceptionally good cultural conditions. 

In practice, it seems probable that the three-eye seed pieces can be used 
to advantage in this experimental work by removing the two weakest or poor- 
est eyes and leaving the best eye for the development of a stool, cutting the 
seed pieces, wherever possible, so that the best eye is the middle one. These 
seed pieces can be planted in the ordinary plant rows and spaced in the row 
one or more feet apart as circumstances warrant. 

Some of the advantages of this method of experimental planting of some 
of the progenies in each variety include: 


(1) The opportunity of studying the behaviour of individual stools 
which are known to be the development of the original growth 
from a single eye ; 


1 ’ 



no 


(2) The development of the variations in the . progenies to the 
maximum degree and rate of occurrence j 

(3) The physical advantage of being able to see the individual 
stools so»that their characteristics can be more easily observed 
and the apparently desirable, variations intelligently selected 
for -further propagation. 

It is probable that in every progeny field a small area devote l to snaced 
stools grown from single eyes is an important aid to bud selection work. 

A. D. SHAMEL. 

Liming at Pioneer Mill* 

By Herbert Walker 

Acting on the suggestion of Mr. W. R. McAllep of the Experiment Station 
we have increased the amount of lime used in clarification this year and seem so 
far to be getting better results. Formerly we limed the cold juice till just alkaline 
to litmus, trying to. make the clarified juice about neutral. At the beginning of 
this season we gradually increased the lime till the cold juice was decidedly alka- 
line to litmus but stilhiicid to phenolphthalein. We were planning to install a simple 
titration apparatus so as to maintain a slight definite acidity to phenol, but tests 
on a few tanks showed no trouble when the raw juice was slightly alkaline to 
phenol, and since the first few weeks all our juice has been so limed. 

The phenol solution is made from 5 grams phenolphthalein dissolved in about 
500 cc. denatured alcohol and made to 1000 cc. with water, then neutralized with 
dilute sodium hydroxide solution till a permanent pin^ color appears. 

The man at the liming station fills a porcelain casserole with cold limed juice, 
pours it out again, and to the few dropujtemaining in the bottom of the casser- 
ole adds a drop of phenol solution. We tfy to lime so that the pink color to phenol 
is distinct but not excessive. This method of using phenol has proved more sat- 
isfactory than trying to observe the color in a test tube or on phenolphthalein 
paper. 

Results. The increase in purity from mixed juice to syrup is 1.17 to date. 
Since 1913 our yearly average increase in purity has varied from a minimum of 
0.25 to a maximum of 0.83. As a check we limed by our old method with litmus 
during the week ending April Ist. The following comparison shows the effect 
of so doing: ' ’ 

Week Ending March 25 1 April 8 

L‘ime % Cane 0.0586 0ll46 0.0628 

Increase in purity 1.25 0 89^ 1.24 

Limed with phenol litmus phenol 

According to laboratory tests made by Mr. McAllep March 24 and 25, the 
maximum possible increase in purity in mixed juice (obtained by liming to slight 

* l^etented at the first annual meeting of tbe Association of Hawaiian Sugar Tech- 
Mlogistcs Honolulu, Hovember 15-18^ 1922. 
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phenol alkilinity and filtering through kieselguhr) was 1.34 in one test and 1.69 in 
another. 

The gain in purity due to heavier liming is comparatively small, but its effect 
on the recovery is about equivalent to a reduction in purity of one point in the 
final molasses. 

The undetermined losses to date are 0.58% sucrose in cane, which is consider- 
erably less than usual. 

No trouWe has occurred from excessive scale in the evaporator nor has 
there been any difficulty in boiling either commercial or low grade massccuites. 

Disadvantages, Owing to the greater amount of precipitate removed from 
the juice, more settling tank capacity is required. We have had no trouble in 
getting a fairly clear juice, but have had some complaints from the mud press 
men on account of more juice going to that station along with the mud. 

It seems to be a little more difficult to get a low purity final molasses. 
Actually on account of increased capacity we have managed to keep our waste 
molasses to date a point lower than last year, but to do this have to run off a 
molasses of about 96 Brix. 

On the whole, we think the advantages of the extra lime outweigh the dis- 
advantages, and we expect to continue this method through the year. If the 
undetermined losses continue to decrease, as they have so far, the gain in total 
recovery will more than offset any increased filter ])ress and molasses losses. 


Cane Varieties in Australia. 


In The Australian Sugar Journal of November 3, 1922, H. T. Easterby, 
Director of the Sugar Experiment Bureau, writes: 

‘‘The beneficial results of the work undertaken at the Experiment Sta- 
tion in the consitant introduction and selection by croppinjr and chemical test- 
ing cannot be over-esitimated. No cane has a perennial existence. Sooner or 
later, if constantly grown, it is bound to fall a victim to disease, and the 
Bureau must be on the constant lookout for new canes. That only a few eanes 
of commercial value can be obtained from large numbers tested ivS, of course, 
w^ell known. Out of many thousand seedlings raised in Queensland, only a few 
were finally selected. Tn Barbados over one million seedlings were raised, yet 
only four are in general use. At Bemerara the same story obtains, there being 
only some seven canes that are of value out of considerably over a million 
raised. The farmer cannot undertake this work for himself, and must look to 
the Experiment Station for the introduction of new canes. A very great ex- 
penditure in time and money is thus saved to the grower. If no more had been 
done than the introduction of the two canes, Badila and Gkiru, into Queensland, 
it would have amply justified all the money that has so far been spent on 
sugar work.^' 


[J. S.B.P.,Jr.] 



Potash in Cane Juices. 


By Herbert Walker and George B. Click 

i 

In a former article* the determination of plant food ingredients in cane 
juices was suggested as an aid in determining the fertilizer requirements of soils 
and the results of a number of analyses were given, showing a relationship be- 
tween the phosphoric acid content of cane juices and that of the soil from which 
they were derived. We have lately extended this general idea to include the 
deternlination of potash as well. The customary method of weighing potash as 
the chlorplatinate requires more time and attention than can usually be afforded 
in a sugar factory laboratory. SheriH’s centrifugal method, (Foot note — Sugar, 
Vol. 23, Nos. 5 and 6) modified for cane juices as follows, was found to be much 
more rapid and fairly accurate. The determination is based upon the relative 
volumes of precipitates formed from two solutions, the potash concentration of 
•le of which is known. 


REAGENTS AND APPARATUS 

Staudurcl 1% KoO Sol. 

Weigh carefully 15.83 gni. of C. P. Potassium Chloride, dissolve in distilled water 
in a liter volumetric flask, add 8 or 10 drops of glacial Acetic Acid and dilute to 1000 cc. 
with dist. water. 

Sodium Cobaltic Nitrate Stock Sol. 

To 225 gm. C. P. Sodium Nitrite (Na NOo) add 400 cc. dist. water and allow to stand 
over night with occasional stirring. At the same time dissolve 125 gm. C. P. Cobalt 
Acetate in 400 cc. dist. water. 

When the Sotiiuin Nitrite is all dissolved ponr the Cobalt Acetate into it and mix 
thoroughly by pouring repeatedly from one beaker to the other. Then dilute to 1000 cc. 
with dist. water. 

This solution keeps very well for several months. A precipitate may form on long 
standing but has no harmful effect, as it entirely dissolves when the. stock solution is 
diluted and acidified for use. 

Sodium Cobaltic Nitrite Sol. for use. 

To 100 ce. of stock sol. add 65 cc. dist. w^ater and 5 cc. glacial Acetic Acid. Mix by 
shaking and allow to stand over night in a loosely stoppered bottle. Sodium Cobaltic 
Nitrite does not keep very well after it is acidified, so it is best to make up only enough 
for one day’s supply at a time. 

Centrifuge. 

A Babcock inilk-testihg hand centrifuge with a four tube head and fitted with cork 
liners to take potash centrifuge tubes. Braun-Knecht-Heimann Cat. No. 4344 will answer 
the purpose w^ell. 

Potash Centrifuge Tubes. ^ 

These can be obtained from Brauii-Knecht-Heimann. They should be calibrated 
before ;using. Using a 1 cc. pipette graduated to 1/100 cc. transfer 3/10 cc. of Mercury 
to one tube. By using the capillary tube for washing (described later) the mercury can 
be made to go down into the stem. The 3/10 cc. should fill the tube to the 15 mark. 


* Record VcJ. XXVI, p, 317. 
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Transfer this mercury through a funnel from one tube to another. Record calibrations 
and compute factors where necessary. 

Capillary Tube. 

This is drawn from 1/8 inch glass tubing to about 4 inches in length. It should bo 
connected to a large wash bottle and is used to wash the ]»recipitatea out of the tubes. 

PROCEDURE 

Determine the degree Brix of the juice and from this the sj). gr. 

To about 500 cc. add milk of limi' to faint Phenolphthalein alkalinity. Tleat just to 
boiling and filter through a dry Buchner funnel, using auction. Pipette 150 cc. of the clari- 
fied juice, \Mhich must be bright and free from suspended and colloidal matter, into a 400 cc. 
beaker. Evaporate to less than 50 cc. on water bath or hot plate. Transfer to a 50 cc. 
volumetric flask, add 2.8 cc. of glacial acetic acid and make up to 50 cc. after cooling to 
room temperature, which should be above 72 F. 

Transfer 17 cc. of the Sodium (Jobaltic Nitrite sol. to each of two ])otash centrifuge 
tubes. Bo sure that the stems are full of water and contain no air bubbles before a«lding 
the Nitrite sol. 

To one tube a<ld 5 cc. of the standard P/ K 2 O sol. and to other 5 cc. of the j»repared 
sample, (.knitrifuge at once for one minute at 1000 r.p.m. Allow the machine to come to 
a stoi>, remove each tube, level the j>recipitate by ta))ping the stems gently with the 
finger, replace in the machine, and centrifuge for 15 seconds more. Rea<l and record results. 

50 X Reading of Sample. 

% K2O :: 

150 X Si>. Gr. Juice X Reading of Standard. 

Juices which are very low in KoO ami wdiich do not give a reading suliiciently close 
to that of the standard to be reliable should be run again, using 10 cc. of the sample in 
one tube and 5 cc. of the standard KoO sol. wdth 5 cc. of dist. water in the other. In this 
case, the formula gives twice the K 2 O in the juice. 

The standard K 2 G sol. does not give constant readings, due to temperature differ- 
ences and the age of the Sodium (k)baltic Nitrite sol. Hence it is necessary to run a tube 
of the standard with every samjde, or set of samples. 

It is essential that the concentrated sample be bright and contain no precipitated 
or suspended matter after the acetic acid is added. If this is not the case, further clari- 
fication must be obtained by acidifying the filtrate from the lime clarification, heating 
and again filtering before taking the 150 cc. for analysis. 

For comparative purposes the specific gravity of the juice may be neglected and 
results expressed as grams K 2 O per 100 cc. juice. 

We have started a complete phosphoric acid and potash survey of all our 
fields, based on analyses of crusher juice samples. Present indications are that 
none of our fields are in- need of potash and that we shall probably he unable to 
derive a “safe minimum’' figure from the juices of canes grown on this planta- 
tion. We have, however, found distinct and constant diflferences in the amount 
of KoO in juices from diflferent fields. 

The eflfect of potash fertilization in increasing the KoO content of cane 
juices is shown by the following tests of juices from Plant Food Experiment No. 
4, Crop of 1923, a field experiment laid out to determine the increase in yield of 
sugar due to potash and phosphoric acid. The plots tested had received 200 # 
nitrogen per acre, no phosphoric acid and "Hther 0 or 200# potash. The cane 
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lacked several months of being ready to harvest. Three stalks were taken from 
each plot and run through a hand mill. The juices were analyzed as follows : 


VAEIETY— STRIPED MEXICAN 


C Plots— No KgO 


Plot No. 

% K 2 O 

% P20n 

128 C 

.115 

.012 

138 C 

.088 

.010 

148 C 

.073 

.008 

136 C 

.078 

.017 

132 C 

.082 

.017 

142 C 

.065 

.015 

152 C 

.056 

.010 

Av. 

.0796 

.0127 

J Plots — 200 lbs. K^O per ai*re 

Plot No. 

% KgO 

% P 2 O 5 

141 J 

.088 

.010 

131 J 

.167 

.012 

151 J 

.181 

.017 

161 J' 

.158 

.012 

145 J 

.173 

.015 

137 J 

.083 

.008 

147 J 

.114 

.010 

157 J 

.187 

.015 

Av. 

.144 


Although there is considerable variation 

^fppg the individual analyses 


which would be expected from the small sampm^uked, the average juices from 
the KjjO plots are distinctly higher in this eleframt. Since this field showed no 
decided gain from either potash or phosphoric acid when previously harvested in 
1921, it seems probable that the canes from all plots have taken up a sufficient 
amount of these ingredients from the soil. 

A similar test was made on canes' from an experimental field in Olaa planta- 
tion. These soils have always given an increased yield from potash fertilization. 

CANE FEOM OLAA 


VaHety 

— Yellow 

Caledonia 

Analysis of Juices from small hand mill — No K 2 O 

f 

Sample No. 

% K 2 O 

% P20r, 

1 

.028 


5 

.027 


9 

.057 

.080 * 

13 

.048 


17 

.050 

.034 

21 

.049 

.035 

25 

.021 

.032 

Ay. 

.040 

.033 



ns 


200 lbs. K 2 O per acre 


Sample No. 

% K 2 O 

% P2O5 

4 

.074 


8 

.076 


12 

.104 

.035 

16 

.137 

.032 

20 

.119 


24 

.099 

.032 

Av. 

.101 

.033 


This series shows still more strongly the effect of fertilization on the amount 
of potash in the juices. The figures for PX)., are given as an additional check 
on the effect which local variations in soil or cane might cause. Neither series 
showed any apparent influence of potash fertilization on the PoO- content of 
the juice. 

Reasoning -from the two experiments the opinion might be hazarded that a 
cane juice containing less than 0.05% K.O indicates the need of potash fertiliza- 
tion, and that one containing 0.10% K^O probably does not. Whether these or 
any figures may be generally applicable or whether they may have to be modified 
for different cane varieties and localities will require a much more extended in- 
vestigation to establish. 


Effect of Nitrogen on Early Growth of Cane. 


Sugar cane can use nitrogen applications to good advantage at a very early 
stage of growth. 

The difference in the two cane plants, here shown, is due to the fact that 
the one on the right received nitrate of .soda when it was 37 days old (from date 
of planting). The picture was taken when the plants were 89 days old. The 
difference in growth came about, therefore, in 7)4 weeks. 

The results obtained here in concrete tubs are in keeping with field observa- 
tions which arc pointing with increasing emphasis to the value of early fertiliza- 
tion. It has customarily been the practice to allow a field to reach a good stand 
and attain a growth of 12 to 18 inches before applying fertilizer. 

At the Waipio substation, acting on the recommendations of Mr. Paris, we 
are applying nitrate of soda at the rate of 50 pounds of nitrogen per acre to plant 
cane at a month from planting, to ratoons at two weeks or less from the time the 
field is cleared of the previous crop. This calls for the fertilization of ratoons 
either with or ahead of the first irrigation. 

The results are pleasing. The cane gets a quick start, and closes in at an 
early date. To what extent, if any, the time of this first application should vary 
under different climatic conditions has not yet been investigated. 
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The two cane plants in the picture are being employed in a test to determine 
the limits to which one may go in applying nitrate of soda and sulphate of 
ammonia without bringing injury to the crop. Most experiments have dealt 
with the economic limit. From this test, ^ which Mr. Stewart is conducting in 



concrete tubs, we are to learn the point at which these nitrogen salts cease to be an 
aid to plant growth and become an actual detriment. 

Nitrogen is beioig applied in different tubs each month at .the rate of 0, 25, 
50, 100 and 200 pounds of nitrogen per acre. 

The cuttings (a single eye remaining on a three joint section) were planted 
in flats September 20, 1922. They were transferred to the tubs without disturb- 
ing the roots on October 11, 1922. The plant on the left had no fertilizer, the 
one on the right had nitrate of so<k at the rate of 25 pounds per acre on October 
27, 1922, and the dose was repeated November 27, 1922. The photograph was 
taken December 8, 19^. H. P. A. 
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The Effect of Phosphoric Acid and Potash on the Quality 

of Cane Juices. 

By J. A. Verret 

During recent years the average quality of cane juices on the different islands 
has shown a downward tendency. The question has been raised as to whether 
our systems of fertilizing were in any way responsible for this. With this in mind 
we have recently made a rather careful review of all our fertilizer experiments 
and compared the juices from the plots receiving different fertilizer treatments. 
In this paper we are reporting the results of this study in regard to the effect of 
phosphoric acid and potash. 

The Action of Phosphorus and Potassium on Plants 

Before going into the details of the results of our experiments here, we shall 
give briefly the effects produced on crops by these two elements as given in the 
literature. These general conclusions given by the different authors are based 
almost entirely upon temperate zone plants, mainly cereals. 

Phosphoric acid is very beneficial in favoring the rapid development of young 
plants by stimulating the growth of roots. This points to the importance of the 
early application of phosphates. 

Protoplasm cannot exist without phosphorus, and as there can be no plant 
growth without protoplasm this is very important. 

Phosphates are reported to favor the early ripening of crops. The forma- 
tion of grain is hastened by the free application of phosphates. This maturing 
effect of the phosphates is due to this hastening of seed formation. Phosphorus 
is always found more abundantly in the seed than in other parts of the plant. 
In non-seed crops this maturing effect may not be evident. 

Potassium compounds are necessary in order that a jilant may produce 
.starch, sugar, cellulose and other carbohydrates. Potassium seems to be neces- 
sary for transference of starch from the leaves to other parts of the plant. Potash 
plays a large part in the development of leaves and the woody parts of the stems 
of plants. Larger portions of potash are found in these parts of plants. Large 
amounts of potash tend to prolong the life of plants, thereby delaying maturity, 
and thus having an effect directly opposite to that of phosphoric acid. Here we 
have an indication of the importance of early application of potash compounds in 
order that the potash needed may be used as early as possible and give time for 
the plant to mature. Potassium compounds give the plant more resistance to 
the attacks of fungous diseases, such as rusts, especially. Crops not receiving 
enough potash seem to be more susceptible to diseases of all kinds. 

Experimental Results 

The results herein reported are based on a total of 84 experiments, covering 
all the islands and extending from 1917 to 1922. 
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Each experiment consisted of from 5 to 12 repetitions of each treatment. 
In nearly all cases, all plots were sampled, and the juices averaged for each treat- 
^ mant The figures given are the average of several hundrd juice analyses, com- 
posed of over a thousand samples, and it would therefore seem that the results ob- 
tained can be accepted as more or less conclusive. 

The results show- no effect whatever on the quality ratio of juices from the use 
or omission of either phosphoric acid or potash or both. This statement has no ref- 
erence to the effect of phosphoric acid on the clarifying properties of a cane juice, 
i Recent work by Walker of Pioneer Mill Company and McAllep of this Station 
’ points to the fact that the phosphoric acid content of a cane juice has a very im- 
portant bearing in factory work. When below a certain minimum of phosphoric 
acid, juices clarify rather poorly. What that minimum is, or its relation to the 
phosphoric acid content of the soil, is not yet clearly established, as some obscure 
points remain to be worked out. For instance, the juice from certain fields may be 
rather low in PjOj and not clarify very well, yet the cane fails to respond to phos- 
phate applications. 

Below we give in tabular form a summary of the results obtained from the 
different treatments: 


PHOSPHOBIC ACID 

/ Quality Ratio of Juice s 

Phos. Acid No Phon* Aetd 

Average of all experiments responding to phosphates 8.30 8.29 

Average of all experiments not responding to phosphates., , 8.46 8.40 

Average of all 



POTASH 


Average of all experiments resMnding to pQ^ash applieations 
Average of all experiments not responding to potash 

application 

Average of all 


-Quality of Juices- 


Potash 

8.12 

8.24 

8.18 


No Potash 
8.14 

8.17 

8.16 


PHOSPHORIC ACID AND POTASH 

, Quality of Juices > 

Phos. acid & No Phos. acid & 
Potash Potash 

Average of all experiments responding to phosphoric acid 

and potash 8.24 8.18 

Avemge of all experiments not responding to phosphoric 

aeid and potash 1 7.36 7.30 

Average of all 7.92 7.86 


The above results show that in arriving at the cause of ouj poorer juices we 
must look elsewjiere than to the presence or absence of pliojphoric acid or of 
potash in our fertilizers. 

Some of these causes may be adverse climatic, conditions, change of cane 
varieties, late harvesting, late fertilizing, increased nitrogen applications, increased 
yield of cane per acre, or age of cane when harvested. 
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Some of the above factors we can control, others we cannot. When Lahaina 
refuses to grow we must change to another variety of cane, even though the 
juices be poorer. We cannot do much with climate, but we can fertilize earlier. 

With our present labor conditions, late harvesting is to be expected. Begin- 
ning in July, cane juices go back very fast. But this “going back^’ seems to apply 
to old cane in a much greater degree than it does to younger cane — ^that is cane 
24 to 30 months old seems to deteriorate much more than is the case with cane 
15 to 18 months old. Our best juices last year at Waipio were from short 
ratoons harvested in late August. We do not believe that these short ratoons 
had deteriorated at all when harvested. 

We feel that this question of short ratooning is a very important field for 
more extensive experimentations on the plantations. 

We would suggest the trial of short ratooning to the extent that all cane 
ground from July on, be short ratoons. 

There is a possibility that the sugar made from this younger cane late in the 
year would have a better refining value than sugar made from older, deteriorated 
cane. Deterioration of cane is accompanied by more or less gum formation, and 
this, in turn, has a direct bearing on the filtering quality of the sugar. 

In another paper we intend to take up the relation between nitrogenous 
fertilization and cane quality. 

QUALITY OF JUICES IN PHOSPHORIC ACID EXPERIMENTS 



/ Quality Ratio of Juice ^ 

Gain from 

Experiment 

Phos. Acid 

No Phos. Acid 

Phos. Acid 

Kilauea #5, 1917 

9.50 

9.38 

No 

Pepeekoo #1, 1917 

7.08 

7.02 

No 

Kilauea # 1 , 1918 

8.58 

8.54 

No 

0. S. Co. #6, 1918 

9.50 

9.53 

Yes 

0. 8. Co. #6, 1920 

7.02 

7.02 

Yes 

0. 8. Co. #6, 1922 

8.24 

8.66 

Yes 

Grove Farm #6, 1919 

8.11 

7.95 

No 

Hakalau #4, 1919 

8.12 

8.19 

No 

Hakalau #7, 1919 

7.58 

7.67 

No 

Ilonomii # 1 , 1919 

8.73 

8.57 

No 

Paauhau #12, 1919 


8.01 

Slight 

Paauhau #12, 1921 

9.43 

9.48 

Yes 

Kilauea #27, 1921 

9.40 

9.20 

Yes 

Kilauea #17, 1920 

9.71 

9.62 

No 

Kilauea #17, 1922 

11.40 

11.12 

No 

Kilauea #34, 1921 

8.68 

9,04 

Yes 

Kilauea #35, 1921 

8.87 

8.92 

Yes 

Lihue #1, 1921 

8.91 

8.71 

No 

Lihue #2, 1921 


8.92 

No 

M. A. Co. #8, 1921 

8.99 

8.71 

No 

Pioneer #3, 1921 


7.18 

No 

Pioneer #4, 1921 

6.71 

6.71 

Slight 

Waipio V, 1917 

8.94 

8.89 

No 

Waipio V, 1918 


9.46 

No 

Waipio V, 1919 


8.54 

No 

Waipio V, 1921 

9.15 

9.15 

No 

McBryde #2, 1919 


7.42 

No 
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f Quality Batio of Juice x 

Gain from 


Phos. Acid 

No Phos. Acid 

Phos. Acid 

M-eBryde #2, 1921 

7.51 

7.23 

No 

Onomea #9, 1919 

7.55 ; 

7.81 

No 

dnomea #9^ 1921 

7.40 

7.19 

No 

0. a COe #4, 1922 

8.95 

8.72 

Yes 

0. 8. Co. #14, 1920 


7.11 

Yes 

He €. 4b a Co. #7, 1921. . 

6.76 

6.79 

Yes 

H. M. Co. #5, 1922 


7.47 

No 

H. M. Co. #3, 1922 

7.24 

7.27 

Yes 

G. F. #9, 1922 


8.33 

Yes 

H. A. Co. #2, 1922 

8.26 

8.29 

Yes 

Kilauea #29, 1922 


10.79 

Yes 

KUauea #30, 1922 

8.19 

7.76 

Yes 

Lihue #6, 1922 


8.00 

Yes 

Lihue #7, 1922 


7.80 

Yes 

Averages 


8.35 


Averages of experiments which responded 8.30 

8.29 


Averages of experiments 
respond 

which did not 

8.40 



QUALITY OF JUICES IN POTASH EXPERIMENTS 


' , Quality Ratio of Juice ^ Uain from 

Experiment Potash No Potash Potash 

'Onomea #6, 1918 8.42 8.27 Yes 

Onomea #6, 1920 8.64 8.58 Yes 

Onomea #9, 1922 7.95 7.77 Yes 

Onomea #8, 1919 7.61 8.11 Yes 

Onomea #8, 1921 8.67 8.56 Yes 

Kilauea #23, 1920 9.58 9.94 Yes 

Kilauea #24, 1920 p 9.73 9.73 Slight 

Honokaa Obs. B, 1921 7.40 7.65 Yes 

Kilauea #25, 1921 .- 8.30 8.29 Slight 

Pioneer #4, 1921 6.70 6.73 Slight 

Hamakua #5, 1922 7.74 7..30 No 

Kilauea #31, 1922 9.58 9.55 No 

Oahu 8. Co. #8, 1922.. 8.60 8.64 No 

Pepoekeo #6, 1922.. 8.05 7.88 Yes 

Onomea #11, 1922.1^7 7.71 7.25 Yes 

Waipio V, 1917 '. 9.00 9.11 No 

Waipio V, 1918. 9.37 9.12 No 

Waipio V, 191J^’ 8.68 8.29 No 

Waipio V, mj... 9.18 9.13 No 

McBryde #2, ffel9 7.53 7.43 No 

McBryde #2, 1921 '. 7.24 7.46 No 

Onomea #9> 1919 7.62 7.91 Yes 

Onomea- #9, 1921 7.32 7.27 Yes 

Oahu 8. Co. #4, 1920 7.41 7.46 No 

Oahu 8. Co. #14, 1920 7.13 6:89 * No 

H. C. ft 8. #7, 1621 6.78 6.80 ‘ No 

Lihue #2, J921 8.81 8.78 No 

M. A. Co. #8, 1921 8.85 8.90 No 

Lihuo #7, 1922 7.66 _7.76 No 

. Averages . ; 8.18 8.16 ' 
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t Quality Ratio of Juice ^ 

Gain from 

Experiment 

Potash 

No Potash 

Potash 

Averages of all experiments responding to 



potash 


8.14 


Averages of all experiments not responding 



to potash 


8.17 


QUALITY OF JUICES IN PLANT FOOU EXPERIMENTS 



Nitrogen, Phos. Acid 

Nitrogen Gain from 

Experiment 

and Potash 

only IMios. Acid and Potash 

Waipio V, 1917 

9.59 

9.53 

No 

Waipio V, 1918 

9.41 

9.54 

No 

Waipio V, 1919 

8.06 

7.90 

No 

Waipio V, 1921 


9.15 

No 

McBrvde #2, 1919 

7.5;i 

7.42 

No 

Onomea #9, 1919 

7.77 

8.14 

Yes 

Onomea #9, 1921 


7.08 

Yes 

0. S. Co. #4,1920 

7.88 

7.56 

Yes 

0. S. Co. #14, 1920 

7.11 

7.00 

W'S 

IT. C. & S. Co. #7, 1921... 

6.76 

6.80 

No 

Lihue #2, 1921 

8.92 

8.78 

No 

Maui Agri. Co. #8, 1921.. 

8.71 

8.98 

No 

Pioneer #4, 1921 

6.71 

6.73 

Yes 

H. M. Co. #5, 1922 

7.78 

7.23 

No 

Lihue #7, 1922 

7.80 

7.80 

No 

Averages 

7.92 

7.86 


Averages of experiments 

which 



responded 

8.24 

S.lcS 


Averages of experiments 

whi(‘h 



did not respond 

7.36 

7.30 

A 



CANE FIELDS AT HIGH ALTITUDE. 


This photograph wan »©nt by Dr. F. X. Williams from Ecuador. It shows the village of 
Baiios surrounded by cane fields at 6,0Q0 feet elevation. In the background is seen 
the active volcano Tunguragua rising to a height of 17,000 feet. 


Quality of Cane. 


By W. R. McAllep 

During the'preparation of the last annual synopsis, figures' for quality of cane 
■ that had .been reported for previous synopses were compiled. Frwn these data 
quality ratios of the cane for each island and for the whole group were calcu- 
lated for the years 1908 to 1922 inclusive. This is-atranged in graphic form 
in figure 1. In calculating these quality ratios the actual polarization of the 




cane was used instead of 80% of the polarization of the first extracted juice; 
the figure usually assumed as the polarization of the cane in the ordinary cal- 
culation. 



190r 1909 1910 1911 1912 1915 1914 1915 1916 1917 191? 1019 1920 1921 1922 


Fig. 1. 

The extent that the quality of the cane has been going back from year to 
year is shown quite clearly by this graph. The following comments apply more 
particularly to the general slope of the curves than to the seasonal variations in 
quality for single years. The curve representing the average quality ratio for 
the whole group indicates that the best quality ratio was in 1909 and the poorest 
in 1922. Between these years the change is fairly consistent, amounting alto- 
gether to an increase of 1.2 tons of cane per ton of sugar. The line representing 
the Island of Hawaii shows a fairly consistent increase in quality ratio during 
the whole of the 15 year period. On Kauai during the first half of the period, no 
definite change in quality is indicated. Subsequent to 1915, however, the quality 
ratio materially increased. It is rather difficult to decide how much this increase 
amounts to an<l what the present tendency is because of irregularity in the last 
few years, due to large seasonal variations. On Oahu the quality was much 
better in the year 1909 than in other seasons. With the exception of this one 
season, from 1908 to 1915 there is a gradual but very small increa.se in quality 
ratio amounting altogether for the seven years to about one-tenth of a ton of cane 
per ton of sugar. During the next two years it increased approximately half a ton. 
Since that time, however, there has been no further increase. On Maui the 
quality improved during the first five years of this period. Since that time 
there has been a large increase in the quality ratio. 
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Maui ha$ throughout the period been first in quality of cane, then Oahu, 
usually somewhat better than the average, next Kauai and last Hawaii. This 
has been the order with but two exceptions throughout the entire fifteen year 
period. The exceptions were that in 1908 and 1917 the cane on Kauai was of 
poorer quality than that on Hawaii. 

The cane on Maui, Kauai and Hawaii shows a marked tendency to follow 
similar seasonal variations. These seasonal variations are much less pronounced 
on Oahu and in but a few instances only does the curve for this island indicate 
the same seasonal variations shown by the curves for the others. 

Possibly the most interesting feature shown by figure 1 is that on Oahu, 
deterioration in the quality of the cane has apparently been checked, the curve 
for the last six years showing little if any tendency towards a decrease in quality 
of cane. 



’ Fig. 2. 


A second graph, figure 2, also prepared while studying data submitted for 
the Annual Synopsis, may be of interest. This is a comparison of the quality 
ratio with the tons of cane actually required to make a ton of sugar. It brings 
out the rather intere.sting point, that during the decade between 1910 and 1920, 
though the cane was constantly becoming poorer in quality, the amount of cane 
required |p produce a ton of sugar remained practically constant, higher recov- 
eries dui^to better factory work approximately offsetting the decrease in the 
quality of the cane. The lines converge fairly steadily up to 1919 and then 
diverge, indicating that the high point in factory work was reached in 1919. 
.The decrease in the quality of the factory work since that time, however, has 
, been slightly less than the diverging lines in the figure indicate, as it has been 
somewhat influenced by an increase in the polarization of (he sugar. In 1921 
and 1922 the polarization of the sugar was approximately 0.5 higher than in 
1919. Had the sugar polarization been the same as' in 1919 the distance between 
the two lines would be reduced by about one-fifth. 
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A Long Distance Shipment of Seed Cane. 


Acting upon a request from the Oahu Sugar Company, on April 8, 1922, we 
cut and shipped to J. C. Arenberg Peeters, Koedoes, Java, twelve cuttings of seed 
cane of H 109. This shipment, which went forward by mail, met with undue 
delay at Hongltong, owing to shipping strikes, and readied Mr. Peeters on 
September 10, 1922. In a letter received from Mr. Peeters, he states : 

... I feared the cane would bo already dead, it being on the road 
for five months, but, to my groat joy, ten from twelve eiittings ]»roved to be 
still alive.’’ 

Mr. Peeters attributes the success of this shipment to the manner of packii^i^, 
which was handled by Y. Kutsunai and is described as follows : 

H]09 SHIPPED TO JAVA ON APRIL 8, 1922. 

(1) Sevds. H 109 seeds were cut in Makihi field 90, from 16 month cane. Top 6 inches 

were cut away and the next 2 feet were taken as seed. Healthy stick only was used 
ns the source of seed. Each seed was inspected. Good seeds only were used. They 
wore washed, wiped dry, and cut squarely to 15 inch length with seed cane cutter. 
The cut ends were paraffined immediately and labeled. 

(2) Packhifj Tuhr. Galvanized iron tube 4 inches square and 16 inches deep with a lid 

overlapping a inches, made of 26 gage Armco iron. The tube was previously washed 
in water to remove acids, and dried. 

(a) Moist Charcoal Pou'dir, Algaroba charcoal powder passed 1/4 inch mesh was moist- 
ened with clean water at the rate of 10 pounds charcoal with 2 jiounds of water. 

(4) ]*ackia(j» The tube was set upright without the lid. A handful of moist charcoal was 

thrown in. Four seeds were then set upright in the tube in such a way that each 
seed did not come in contact with other seed or the sides of the tube. All open 
room was filled with the moist charcoal powder as tightly as possible by jarring the 
tube. When the tube was entirely full, it w’as covered, labeled, wrapped with Manila 
paper, and shipped. 

(5) Cross and Net Wrif/hts, Tube only weighed 2 lbs. 9 oz.; tube with moist charcoal, 

9 lbs. 2 oz. ; moist charcoal only, 6 lbs. 9 oz. 

H. P. A. 


Phosphoric Acid and Potash at Wailuku. 

Wailuku Sugar Company — Experiment 11 (1923 Crop) 

This test was in field 37, Wailuku Sugar Co. This is one of the highest fields 
on the plantation, being at about 675 feet elevation. The cane was H 146, first 
ratoons. The stand of cane was very uneven from the beginning. This detracts 
somewhat from the value of the results. 

All plots received nitrogen at the rate of 172 pounds per acre from 1110 
pounds of nitrate of soda. In addition to this, four plots (A plots) received 375 
pounds of acid phosphate per acre, equal to 60 pounds of P.Oj. In addition to 
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nitrogen the four B plots were given 62.5 pounds of potash per acre from 125 
pounds of sulphate of potash. 

The four C plots were given both phosphoric acid and potash at the rates 
mentioned above. * 

The fertilizer was applied in two doses, iri October, 1921, and March, 1922. 
Half the nitrogen, and all the phosphoric acid and potash were applied in October. 

The experiment was harvested by the plantation. The two middle lines of 
each plot were weighed on field scales. The tons per acre are based on 250 lines 
per acre. The crusher juice samples are from carload lots. 

The treatments given the different plots are tabulated as follows : 



FERTILIZATION— LBS. 

PER 

ACRE 



Plots 

October, 1921 

March, 1922 

N. 

P 2 O 5 

KoO 

X 

^55# N. S. 

555# N. S. 


172 

0 

0 

^ 1 

; 555# N. S. 

[ 375# A. P. 

555# N. S. 
0 

1 

172 

60 

0 

« ■ i 

\ 555# N. S. 

[ 125# S. P. 

555# N. S. 
0 

1 

, i 

172 

0 

62.5 

1 

r55i^# N. S. 
375# A. P. 
125# S. P. 

555# N. S. 
0 

0 

} 

172 

60 

62.5 


Nitrate of So(la=15.5% N. 

Acid PliosphSte=16% PjOs. 

Sulphate Pota8li=o0% K 2 O. 

The yieldawere as follows: 

SUMMAEY OF TREATMENT AND YIELDS. 


Treatment 

Nitrogen and phos. acid 
Adjoining plots nitrogen alqj 
Nitrogen and potash . . 

Adjoining plots nitrogen al4 
Nitrogen, phosphate acid and potash 
Adjoining plots nitrogen alone 



phoB. acid or/ 
Average all plots ritting nitrogen only 


r 

Yield per 

Acre V 

Cane 

Q. R. 

Sugar 

30.8 

8.05 

3.83 

31.2 

8.04 

3.88 

34.8 

7.93 

4.39 

36.6 

8.04 

4.55 

38.6 

8.18 

4.72 

37.5 

8.04 

4.67 

34.7 

8.05 

4.31 

36,0 

8.04 

4.48 


'5 > 

Tlie result's show no gain from either the phosphoric acid or the potash. 
These resultuSbould be' followed up with more experiments and soil analyses. We 
have but fewJSil samples from Wailuku and some of these are rather low in phos- 
phoric 


4 




DETAILS OF EXPERIMENT " 
Fertilisation Test 


0 compare nitrogen alone, with nitrogen and phos. acid, nitrogen and potash, and 
nitrogen, plios. acid and potash. 



127 


Plant Food Requirement 

Woiluku Sugar Co. Lxp.) 1,1923 Crop 



Summary Of Results 


Plots 

A 

X 

B 

X 

c 

X 


Treatment 


I Yield pgr Acre I 




Nitrogen And Phosphoric Acid. 
Adioiwiwg Plots Nitrogen Alone. 
Nitrogen And Sulphate Of Potash. 
Adjoining Plots Nitrogen Alone* 
Nitrogen , Phos. Acid And Potosh. 
AcUoining Plots Nitrogen Alone. 


30.8 
31.2 

34.8 

36.6 

38.6 
3T5 


8.05 

6.04 
T.93 

8.04 
8.18 

6.04 


3.83 
3 88 
4.39 
4.55 
4.72 
4.67 
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X^ttoa: 

■ Wailuku Sugar Co., Field #37, elevation 660 to 700 feet. 

On^: 

H 146, lit ratooni. 

Xiayoiit: 

28 plots of varying areai (approximately .025 acre). Each plot one watercourse wide. 

Plant Food Reouirement 
W ailuku Sugar Co. Cxp.ttj9E3C(«p 

Field 37 



Flan; 


Fertilizer — ^Pounds per Acre. 


Plots 

October, 1921 

March, 1922 

X- 

^ , 

555# Nitrate of Soda 

555# Nitrate of Soda 

A 

555# Nitrate of Soda 

376# Acid Phosphate 

555# Nitrate of Soda 
0 

B 

555# Nitrate of Soda 

125# Sulphate of Poitash 

555# Nitrate of Soda 
0 

O 

555# Nitrate of Soda 

375# Acid Phosphate 

125# Sulphate of Potash 

r 

555# Nitrate of Soda 
0 

0 


Field harvested by plantation January, 1923, 
^uiees sampled in carload lots at mill. 


% 


J. A. V. 
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Field Experiments at Pioneer Mill Company, 
1 92 1 and 1 923 Crops. 


Exp. 1 — Variety Test. 

Exp. 2 — Amount of Fertilizer to Apply. 

Exp. 3 — Phosphoric Acid Test. 

Exp. 4 — Phosphoric Acid and Potash. 

Exp. 5 — Number of Applications of Fertilizer. 


By J. A. Verket 

These experiments are in field B6, Kaanapali Section, Pioneer Mill Co., 
and are at an elevation of about 4C0 feet. They have now been carried on through 
two crops, one plant and one ratoon. Except in Experiment which is a 
variety test, the cane is Striped Mexican. The first crop was two years old at 
harvest, the second eighteen months. 'J'he first crop suffered to some extent for 
lack of water, especially during its second year of growth. 

In comparing Dlld.S, Striped Mexican. H 109, H 33, T.ahaina and H 146, 
the D 1135 led in both crops by a large margin in cane and sugar. Striped Mexi- 
can was next, with H 109 third. 

The profitable limit in fertilization was found to lie between 150 to 200 
pounds of nitrogen per acre, depending on conditions. 

Phosphoric acid was found to give increased yields. The returns from 
potash are .somewhat doubtful. Further tests are being conducted to determine 
this point. Applying the fertilizer in 2, 3 or 4 doses made no essential differences 
in the yield of cane. 

EXPERIMENT No. 1— VARIETY TEST. 

In this test D 1135, Striped Mexican, H 109, H 33, Lahaina and 11 146 were 
compared. Two crops have now been harvested. The first crop, plant, waft 24}'2 
months old when harvested in August, 1921, the second was 17j/^ months old at 
harvest in February, 1923. 

The results obtained from the two crops were as follows: 

Total Sugar 

r-Tons Cano per Aere-^ r-Tona Sugar per A(•,re-^ per acre in 


Variety 1921 192.T 1921 192a two crops 

D1135 51.5 68.1 7.44 8.98 16.42 

Str. Mex 44.2 57.9 6.16 7.75 13.91 

H109 44.6 53.1 6.60 6.91 13.51 

H33 43.3 57.7 5.64 7.42 13.06,;^ 

Lahaina 41.4 41.8 6.17 5.39 11.56 '*^ 

H146 30.2 42.7 4.03 5.69 9.72 


We note from the above results that the D 1135 was distinctly superior to 
any other variety. Not only were the cane yields heavier, but in both crops the 
juices were as good or better than the juices of any of the other varieties, in- 
cluding Lahaina. 
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ExrI. Variety Test. 

Cxf?E. Amount Of Nitrogen To Apply. 
^3. Riosphorio Acid Reouirements. 
Exp.4. ^Plant Food Reouirements. 

Exr5. Number Of Applications. 

PioneetMill Co. Expts. 1,2,3,4J»5J9E3 Crop 
ricid B6-L. 



W 


Noft ieff 4f up^r 

Eiipl.p1t»fs*£RpiL 
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Variety Test 

Pioneer Mill Co.Ekp. 1, I9EI tcl923 Crops 
Average For Ttw Crops 

TMift Tonk 



DtISS STR.MCX. HI09 H33 UI1AINA HIA-S 

The Lahaina and 11 1-16 made a very poor showing and should not be planted 
in fields similar to one in which this test was conducted. The results obtained 
from H 146 are poorer than indicated by the yields. It was necessary to replant 
the H 146 plots rather heavily with Striped Mexican. 

On the other hand, we believe D 113.S should receive more attention than it 
does. We hear a great deal about the difficulties in harvesting this cane, and not 
enough about its value as a fast ratooner. making weed control comparatively 
easy compared to other varieties. We do not believe that the man-days per ton of 
cane delivered at the mill is greater with D 1135 than with some of the other 
standard varieties. We know of a number of cases where it was less. 


Details of Experiment. 

Variety Test. 

Object: , , . . 

To compare H 33, H 109, Tl 140, 1)1135, Striped Mexican and Lahaina. 

Location: 

Pioneer Mill Co., Field B 6, Kaanapali Section. 

Layout: 

Number of plots, 60. 

Size of plots, 1/20 acre, consisting of 7 rows two watercourses long; by mensure- 
ment 31.5' x 69.15' from center to center of watercourse. Kach row, 4..) x . 

Crop: ^ i. 4 . 

H 33, H 109, 11 146, D1136, Striped Mexican and Lahaina; 1st ratoons. 

Previous crop harvested August, 1921. 

Plan: 

Fertilization 

One dose of hi-gh grade and one dose of nitrate of soda, amounUng to 200 lbs. of 
N and 60 lbs. of P2(^6 uniform or regular plantation practice. 

Experiment harvested in Feb., 1923, by J. 8. B. Pratt, Jr., helped by the plantation. 
The cane was sampled in carload lots at the mill by the plantation. 
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EXPERIMENT No. 2— AMOUNT OF FERTILIZER 

In this test varying amounts of nitrogen were compared, ranging from 0 to 
250 pounds of nitrogen per acre. Half of the nitrogen was applied the first year 
and was from complete* fertilizer composed of 10% nitrogen, 7% P^Og and 
3,75% potash. Second season fertilization was 'from nitrate of soda. 

The plant cane received its fertilizer in four doses, two the first year and two 
the second year. The last crop got fertilizer in two doses only, one the first and 
one the second year. The fertilizations are tabulated as follows : 

POUNDS PEB ACRE Total 

1921 Crop ^ ! 1923 Crop n Pounds 

Hig h Grade Nitrate Soda High Grade Nit. Soda of 

Plots Oct. 1919 Nov. 1919 Feb. 1920 May 1920 Oct, 1921 Apr, 1922 Nitrogen 

X oooooo 0 

A 250 250 161 161 500 323 100 

B 375 375 242 242 750 484 150 

C 500 " ■ 500 323 323 1000 645 200 

D 625 625 403 403 1250 806 250 

The results obtained from the two crops are tabulated as follows : 


Pounds of 
Nitrogen 
per Acre 

, Cane per Acre , 

1921 Crop 1923 Crop 

, — Sugar per Acre — n 
1921 Crop 1923 Crop 

Total Sugar per 
Acre for two crops 

0 

42.2 

30.6 

6.50 

4.29 

10.79 

100 

43.5 

40.1 

6.58 

5.71 

12.29 

150 

48,4 

48.3 

7.39 

6.88 

14.27 

200 

49.2 

54.2 

7.22 

7.30 

14,52 

250 

49.4 

56.7 

7.30 

7.65 

14.95 


Amount Of MrntocEN To Apply 
Pioneer Mill Co. Exp. 1955 Crop 
Field ft6-L. 
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In this experiment we find the response to fertilization to be much greater 
in the ratoons than in the plant crop. This was to some extent due to water 
shortage in the plant crop. The economic limit in fertilization in this case is found 
to be from 150 to over 200 pounds of nitrogen per acre, depending upon condi- 
tions. In fields with good, deep soils, a good stand of cane, and enough water, 
it would seem that 200 to 250 pounds of nitrogen per acre could be used to advan- 
tage. On the other hand, if the stand of cane is poor, if the field is difficult to 
irrigate or the water short, 150 pounds may be the limit. 

Details of Experiment. 

Fertilization — Amount to Apply 


Object: 

To determine the economic limit of nitrogen as a fertilizer on the lands of Pioneer 
Mill Co. that have been croj)ped for many years. 

Location: 

Pioneer Mill Co., Field B 6. 


Crop: 

Striped Mexican, 1st ratoon. 

Previous crop harvested August, 1921. 

Layout: 

No. of plots, 81. 


Flan: 


Size of plots, 1/20 acre; 

each plot 

is 7 lines by 2 watercourses, 

each line being 


wide by 69.35' long. 




Plots 

No. of 

Plots 

f — Pounds Fertilizer per Acre — ^ 

Oct. 1921 Apr. 1922 

Mixed Fert. Nit. of Soda 

Total 

Nitrogen 

X 

16 

0 

0 

0 

A 

16 

500 

325 

300 

B 

16 

750 

484 

150 

C 

16 

1000 

645 

200 

D 

17 

1250 

806 

250 

Mixed Fertilizer 1st. season., 10% j 

f3% N. S. 

1 5 8. A. 

[1% Org. 



77c P2O5 Super 
3 . 75 % K 2 O 

Nitrate of Soda, 2nd. season. .15.5% N. 

Experiment harveated in Feb. 1925, by J. H. B. Pratt, Jr., with the help of the 
plantation. 

Cane sampled in carload lots at the mill by the plantation. 


. EXPERIMENT No. 3— PHOSPHORIC ACID. 

This experiment compared varying amounts of phosphoric acid, ranging 
from 0 to 140 pounds per acre of P20r.. All plots received a uniform application 
of nitrogen at the rate of 200 pounds per acre from nitrate of soda. The phos- 
phoric acid was applied in one dose in October, 1921. The nitrogen was applied 
in two doses, October, 1921, and April, 1922. 
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Details of Experiment. 

Fertilization — Phosphoric Acid and Potash 

Object: « 

To determine the plant food requirements of sugar cane under conditions at Pioneer 
Mill Co. 

Location: 

Pioneer Mill Co., Field B6. 


Crop: 

Striped Mexican, Ist ratoons. 

Previous crop harvested August, 1921. 

Layout: 

No. of plots, 52. 

Size of plots, 1/20 acre; each plot is 7 lines by 2 watercourses, each line being 4.5' 
wide by 69.15' long. 


Plan: 


Plots 

No. of 

Plots 

f — October, 
N. PjOj 

1921 — , 
K2O 

April, 1922 

^Total lbs. per acre— 
N. P2O5 KoO 

C 

13 

100 

0 

0 

100 

200 

0 

0 

H 

13 

100, 

100 

100 

100' 

200 

100 

100 

I 

13 

100 , 

0 

100 

100 

200 

0 

100 

J 

13 

100 

0 

200 

100 

200 

0 

200 


N — from nitrate of soda— 15.5% N. 

P2O5 — acid phosphate — 16%. 

K2O — sulp. potash — 50%. 

Experiment harvested by J. S. B. Pratt, 1923, with the help of the 

plantation. 

Cane sampled in carload lots at mill by the plantation. 


EXPERIMENT No. 5— FERTILIZER, NUMBER OF APPLICATIONS. 


This was a test to det^mine the most profitable number of doses in which 
to apply a given amount of fertilizer. The number of doses varied from two 
to four. 



fertilizations for the two crops are given below : 



Oct. 1619 
500# H.G.^ 
1000# 

500# 


1921 Orop — Pounds of Fertilizer par Acre. 


Nov. 1919 

Feb. 1920 

May, 1920 

Pounds per Acre 
N. P2O5 K2O 

500# H.G.* 

323# N.S. 

323# N.S. 

200 

70 

37.5 

0 

645# 

0 

200 

70 

37.5 

500# H.G.* 

645# • 

0 

200 

70 

37.5 




1923 Orop— Pounds of FextiUzer 

par Acre. 




Plots 

» 

^ToV. 1821 

Dee. 1921 

April 1922 

June 1922 

Pounds per Acre 
N. PjOg K2O 

0 

500# H.G.* 

500# H.G.* 

323# N.S. 

322# N.S. 

200 

70 

37.5 

K 

1000# “ 

0 

645# 

0 

200 

70 

37.5 

L 

800# “ 

SOO# S.O.* 

645# 

TT 

200 

70 

37.5 


^ Ghrade— *10% nitrqgen, 7% P 2 O 5 ; 3.75% K 2 O. 
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1 he results obtained from the two harvests are given in the following table : 


No. of Boses 
Two doses 
Three ^ ^ 

Four 


r-Tons Cane per Acre— ^ 
1921 Crop 1923 Crop 

49.2 59.1 
48.9 60.7 
49.1 61.9 


r-Tons Sugar per Acre-^ 
1921 Crop 1923 Crop 

6.88 7.64 

6.84 7.79 

6.86 8.16 


Tons Cane per Acre 
for two crops 

108.3 

109.6 

111.0 


Number of applicxtions 

Pioneer Miti Co. Exp..S,l9E5Crop 



a00*N. EOO^N. 200* N. 


Ill the first croj) there was no difference whatever in the yields from the 
different series of plots. The second crop showed slight gains in favor of the 
larger number of applications. The increase in cane was small, amounting to less 
than 3 tons per acre. The sugar increase was larger, due to apparently better 
juices in the “4 dose'’ plots. We are at a loss to explain these better juices. As a 
whole, our experience has been the other way, and we would have expected poorer 
juices from these plots. The variations in cane and sugar yields are well within 
experimental error. 

Taking the average of all our experiments dealing with number of applica- 
tions we believe that the best results are to be obtained from applying fertilizer 
in about 3 doses for an 18 to 24 months crop. Three doses are safer than two, 
and cheaper than four or more, and give about the same yields. 

Details of Experiment, 

Fertilization — Number of Applications. 

Object: 

To determine the most profitable number of applicfitions in which a given amount 
of fertilizer should be applied. 

Location: 

Pioneer Field B6, 

Crop: 

Striped Mexican — 1st ratoons. 

Previous crop harvested August, 1921. 
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IdOrout: 

27 plots, each 1/20 acre, consisting of 7 lines by 2 watercourses. Each lino 4.5' 
wide, 60.15' long. One guard row along level ditch. 

naa: * 

No. of t ^Pounds of Nitrogen" per Acre ^ 

Plots Plots Nov. 1921 Dec. 1921 Apr. 1922 June 1922 

0 9 50 50 50 50 

K 9 100 0 100 0 

L 9 50 50 100 0 

1st season, mixed fert. — 10% N,, 7% P2O5, 3.75% KoO. 

2nd season, nitrate of soda — 15.5% N. 

Experiment harvested by J. S. B. Pratt, Jr., in February, 1923, with the help of the 
plantation. 

Cane sampled in carload lots at the mill by the plantation. 


Total Nitrogen 
per Acre 

200 

200 

200 


Experiments at Makee Sugar Company. 


By J. A. Verret 

Exp. 1, 1923 Crop 
Exp. 2, 1923 jCrop 
Exp. 3, 1923 Crop 

General. 

These experiments were laid out in a comparatively low field, 100 feet or so 
in elevation, but in a rather wind-swept area. The cane was Yellow Caledonia; 
the tMts were carried through three crops, one plant and two ratoon crops. The 
st^d in the last crop, as is generally the case with second ratoons on Kauai, was 
•somewhat irregular. This (hstracts to some extent from the value of the results 
obtained from these expe^ments. On the other hand, we had a rather large num- 
ber of repetitions of ^h treatment, ranging from 8 to 14. This has. a tendency 
to correct any irregularities which may creep in due to variations in plot yields. 

We, therefore, believe that the results can be accepted as fairly accurate. 

♦ * 

In Experiment 1, where equal amounts of nitrogen from nitrate of soda, 
ammonium stdfate, and a mixed fertiliser were compared, tile results from three 
crops show no essential differences in yield, indicating; that the best economic 
policy is to supply nitrogen in its -cheapest form. The mixed fertilizer contained 
9% nitrognn, 7% phosphoric acid and no potash. The results obtained show that 
there was no response to phosphoric acid when applied at the rate of 125 pounds 
per acre. 
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In Experiment 2 we compared varying amounts of fertilizer. The results 
for three crops show the economic limit to be from 150 to 175 pounds of nitrogen 
per acre, about 1100 pounds of nitrate of soda. 

In Experiment 3 we tried potash in addition to nitrogen and phosphoric 
acid. The results indicate some response. More work should be done with 
potash on this plantation. 

EXPERIMENT No. 1— FORMS OF NITRO(iEN. 

This experiment has been carried through three crops, one plant and two 
ratoons. The cane was Yellow Caledonia. In all cases equal amounts of nitrogen 
were used on all plots. The mixed fertilizer used contained 9% nitrogen, and 
7% phosphoric acid. Each treatment consisted of from 8 to 10 plots, each 1/10 
acre in size. 

The results obtained from the three crops were as follows : 

SUMMARY OF TREATMENT AND YIELDS. 

/r~Tons Cane per Acre—^ /r~Avera^c for 3 Crops— ^ 


Treatment 1919 1921 1922 ('anc Q. R. Sugar 

Nitrate of Soda 63.1 49.6 25.7 46.1 8.04 5.73 

Ammo. Sulphate 62.7 49.8 24.5 45.7 8.07 5.66 

High Grade 64.3 50.2 23.7 46.1 7.96 5.78 


These results, when averaged for three crops, show no differences in favor 
of any special form of nitrogen. The High Grade used contained 7% phosphoric 
acid and was applied at the rate of 1666 pounds per acre, thereby supplying about 
125 pounds of phosphoric acid. 

The yields from the plots receiving this phosphoric acid were not any more 
than were the yields from the plots getting nitrogen only. The phosphoric acid 
in this case was of no benefit. 


Forms Of Nitrogen 


Mokee Sugar Co. Exp. \, i9i9.i9Eltti9E3 Crops 
Field 13 



■» Sit^or 
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Exr 1. Forms Of Nitrogen. 

ExrE. Amount To Apply. 

Exr 3. Molasses Ash Vs. No Molasses Ash. 

« 

Makc« Sugor Co. ExMs. k \ 1923 Crop 

rieltf 13 . 


Exp. 1. 


Exp. 1. Summory Of Result* 
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Details of Experiment. 

Forms of Nitrogen 

01)ject: 

To (‘onipare the results froiu equal amounts of nitrof^eii obtained from nitrate of 
soda, sulfate ammonia, and a high grade fertilizer containing the nitrogen in 
sulfate, nitrate and organic forms. 

Location: 

Field 13. 

Crop: 

Yellow Caledonia, second ratoons. 

Layout: 

No. of jdots, 2S. Size of plots, 1/10 acre, 90' by IS.l', consisting of L’O straight lines, 
each 4S.4' by 4.o'. 

Flan: 


riots 

No. of 
Plots 

Fertilizer 

Aug. 

1921 

Feb. 

1922 

Total 

N. 

NS 

10 

Nit. Soda 

483 

483 

150 

SA 

10 

Ammo. Sulf. 

366 

366 

150 

HG 

8 

High Grade 

833 

83.3 

150 


Nitrate of Soda — 15.5% Nitrogen. 

Sulfate of Ammonia — 20.5% Nitrogen. 

High Grade — 9% Nitrogen (3%? Nit. Soda, 3%. sul. of anim., 3% organic) 7% ToO.-, 
(4% acid phos., 3% bonemeal). 

Experiment harvested January, 1922, by O. C. Markwell. 

Juices sampled in carload lots at mill by the jdantation. 


EXPERIMKNT No. 2— AMOUNT OF NITROGEN. 


In this experiment varying amounts of nitrogen were used, ranging from 75 
to 300 pounds per acre for the first two crops and from 73 to 225 pounds for the 
last crop. Half of the nitrogen used was from high grade fertilizer containing 
9% nitrogen and 7 % phosphoric acid. This was applied during the first season. 
The remaining nitrogen api)lied during the second season was from nitrate of 
soda. 

The cane was Yellow Caledonia. Each treatment was repeated 11 or 12 
times on 1/10 acre plots, there being 45 plots in the experiment. 


The sugar per acre for the first two crops was as follows : 


Treatment 


High Grade 
416 Lbs. p. a. 
832 

1260 ** 

1666 


Nit. Soda 
242 Lba. p. a. 
484 '' 

726 << << 

968 ' ' ' ' 


Total 


Pound vS 

^ 

- Sugar ])er Acre 

^ 

Nitrogen 

1919 

1921 

Average 

75 

8.03 

5.44 

6.73 

150 

8.14 

5.65 

6.89 

225 

8.01 

5.68 

6.84 

300 

7.87 

6.28 

7.07 


3 



142 - 


The results of the last crop are given as follows : 

Total 


Treatment n Pounds , Yield per Aero 


High Grade 

^it. Soda 

Nitrogen 

Cane 

Q.B. 

Sugar 

416 Lbs. p. a. 

242 Lbs. p. a. 

75 “ 

18.1 

7.82 

2.31 

694 

403 

125 

19.9 

7.74 

2.57 


564 

175 

23.7 

7.77 

3.05 

1260 “ “ 

725 

225 

24.2 

7.94 

3.05 


Amount Or Nitroocn To Apply 

Mokee Sugor Co. Cxp.Z, I9i9j9at V 1923 Crops 
Held 13. 





Under the conditions of this experiment the profitable limit of nitrogen 
application is found to be from 150 to ^75 pounds per acre. This Would be fur- 
nished by, .say, 900 pounds of high grade and 550 pounck of nitrate of soda or 
1100 pounds of nitrate of soda without high grade. These amounts to be raised 
or lowered according to good or bad conditions with regard to water, stand of 
cane, etc. 


Details of Experiment. 

JlpTiLizER Experiment — Amount to Apply 


Objtet: 




To dotormllie the most profitable amount of nitrogen to apply at Makee Plantation, 
75,425, 175 or 225 lbs. 


XiQcatioii: 



13.a 


w Caledonia, second ratoons. 


I^Ho. of plots, 45. Size of plots, 1/lOth acre, 48.4' x 90', consisting of 20 straight lines, 
eaelf 48.4^ X 4.5', 
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Plan: 

Fertilization in pounds of nitro8:en per acre and in ])o 'iida fertilizer. 


Plots 

No. of 
Plots 

August, 1921 
# High Grade 

March, 1922 
# Nit. Soda 

Total 

N. 

A 

11 

416 

212 

75 

X 

12 

694 

403 

125 

B 

11 

972 

564 

175 

C 

11 

1250 

725 

225 


The high grade fertilizer applied in August to have following inalyais: 9% nitro- 
gen (3% N. S., 3% Sulfate of Ammonia, ti^r Orgauie) 79v' 1V^“. water 

soluble, 3% Bonerneal). 

Nitrate of soda applied Mar<*h, 1922, to have 15.59^ Nitrogen. 

Experiment harvested in January, 1922, by O. C. Mark well. 

Juiees sampled in carload lots by the plantation. 


KXPERIMENT No. 3— POTASH FROM MOI ASSES ASIJ. 

In this experiment we tried to determine the need of the soil for i^otash. 
Molasses ash containing 20 KoO was applied at the rate of 300 and 600 pounds 
per acre. The experiment consisted of a total of 37 plots, each 1/10 acre in size. 
Twelve of these plots did not get any jiotash, 11 got molasses ash at the rate of 
300 pounds per acre and 14 at the rate of 600 pounds. All i)lots received nitro- 
gen at the rate of 150 pounds ])er acre from nitrate of soda. 


The yields obtained are tabulated as follows: 




Pounds 





Potash 

, Yield ]>er A' 

i*e ^ 


Treatment 

p. a. 

Pane y. K. 

Sugar 

No 

molasses ash 

0 

21.:; (S.:io 

2.57 

300 

lbs. molasses ash 

60 

24.8 8.:n 

2.98 

600 

t < if ( i 

120 

23.4 8.24 

2.84 


The results here show a response to potash amounting to a1)out 1/3 of a 
ton of sugar per acre. It is not safe to form conclusions from the results of one 
experiment, but the indications are that potash rather than phosphoric acid 
should be used in the high grade applied to all fields similar to the one where 
the tests were conducted. 
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MOLASSES ASH \^. NO MOLASSES ASH 
Mokce Sugof Co.£x9L5^l9t3Cfop 
fietdU. 



No 300 Ibft. ' 600 Ibft. 

MolitoeoAfth MoUiftoesAfth MelosseoA^h 


im Cone 


M 5u9ar 


Details of Experiment, 

Fertilizer Experiment — Value of Potash *' 

Object: 

To determine the value of potash in molasses ash on Makce land. 

Location: 

Field 13. 

Crop: 

Yellow Caledonia, second ratoons. 

Layout: 

No. of plots, 37. Size of ^lots, 1/lOth acre, 90'x4S.4'. All })lots have 20 straight 
lines 48.4' X 4.5' except plots 10.4, 10.5, 10.6, 11.4, 11.5, 11.6, 12.4, 12.5, 12.6, 
13.4, 13.5, 13.6, 14.4, and 14.5. 

Plan: 

Plots No. of Plots Amount of Molasses Ash 

X # 12 <[) 

B / 11 , 200# 

F .. 14 400# 

160 pounds of nitrogen per acre, from nitrate of soda, applied uniformally to all plots. 
Experiment harvested in January, 1923, by O. C. Markwell. 

Juices sampled from carload lots at mill, by plantation. 
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Reliability of Optical Sucrose Determination. 


By W. R. McAllei* AND H. F. Bomonti. 

During the present clarification investigation the reliability of determination 
of sucrose in cane juices by the double polarization method was studied by com- 
paring them with sucrose determinations made by a chemical method. Attention 
was directed to this subject by the increase in purity from clarified juice to syriij) 
at a number of factories after adopting a more alkaline clarification. Such an 
increase in apparent juirity is in part due to the cliange in the ratio of polariza- 
tion to sucrose, caused by the action of alkalies at high temj^eratures on the non- 
sucrose constituents of the juice. Increases in gravity purity, however, have also 
been found and these comparisons were made to see if a change in the ratio of 
optical sucrose determinations, similar to the change in the ratio of polarization, 
to the actual sucrose content could be detected. Such a change should be shown 
by comparisons with chemical determinations, as the two methods are based on 
entirely dififerent principles and it is hardly probable that a factor that might 
cause an error in one of them would aflfect the other in the same way. 

An excellent opportunity for this study came about when we were working 
on clarified juices, digesting them at high temperatures. The samj)les covered a 
somewhat wider range of acidity and alkalinity than is encountered in ordinary 
factory practice, and they were from mixed juices varying from .5 to 1.5 per cent 
glucose. 

Optical determinations were made according to the Hawaiian Chemists' 
Association Methods with Walker's method of inversion. Chemical determina- 
tions were based on the reduction of copper, glucose l)cing first determined in 
the original juice,' then glucose plus invert sugar in the juice after inversiem. 
After subtracting the original glucose from glucose plus the invert sugar, the 
latter was calculated to sucrose. Details of the chemical method follow: 

iUuvuHV, a ealeiilatcd amount (usually :U) to .‘^T) grams) of juice into a 100 cc. 

flask, add 1 cc. of neutral lead acetate and 2.5 cc. of 10% disodium j^hospliate. Make up 
to 100 ee. and filter. Take a quantity of this filtrate containing 2 grams of total sugars 
(sucrose plus glucose) in a 400 cc. beaker, add water to a volume of 50 cc. and determine 
glucose following Munson and Walker’s method. For convenience the quantity of juice 
taken should be such that 50 cc. of the filtrate contains 2 grams of total sugars. 

^uvntHv. Weigh out 55 to 45 cc. of juice, transfer to a 500 cc. flask using sufTicient 
water to bring the volume to 75 cc. Add 1 or 2 cc. of (5 N hydrochloric acid, heat in a 
water bath to between 65 to 67° (\, add 10 cc. 6 N hydrocliloric acid, let stand for one 
half hour, cool and neutralize with 6 N sodium hydrate. Add 1 cc. neutral lead acetate, 
n ce. 10% disodium phosphate, make uj) to 500 ce. and filter, adding some dry kieselguhr if 
necessary to secure a clear filtrate. Take a portion of the filtrate containing approxi- 
mjitely, but not more than, 250 milligrams of glucose in a 400 cc. beaker, add water to 
bring the volume to 50 cc. and determine invert sugar by Munson and Walker’s method. 
From the percent of invert sugar so found subtract the glucose found before inversion and 
calculate the invert sugar to sucrose, multiplying by the factor .95. 

The sample analyzed is small, usually corresponding to somewhat less than 
2 grams of the original juice and the greatest care must be taken with details of 
tile manipulation. An error of one milligram in determining the amount of 
copper reduced, corresponding to approximately half a milligram of invert sugar, 
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introduces an error of .03 in the sucrose determination. Weighing as cupric 
oxide did not give sufficiently consistent results so the amount of copper reduced 
was determined by the following method: 

TMonnlphate methml. Place the Gooch crucible conitaininK the reduced copper in a 
250 ce. beaker with 5 to 10 cc* of nitric acid*, let stand 15 to 30 minutes and filter into a 
800 cc. firlenmeyer flask, washing the crucible and mat thoroughly with hot water. 
Evaporate on a hot plate to 50 cc., add 1.5 grams of washed neutral talcum powder and 
boil 5 to 10 minutes longer. Cool, add 2 cc. of concentrated sulphuric acid and 10 cc. of a 
saturated solution of potassium iodide. Titrate with a sodium thiosulphate solution stan- 
dardized against pure copper. A convenient strength is 1/5 normal. The end point is 
sharp and titration shouhl be made to .1 or if possible .05 cc. The thiosulphate solution 
used in this work was the equivalent of 13.14 milligrams of copper per cc. ^ ^ 

• Sucrose was determined by both optical and chemical methods before and 

after digestion, in the juices of four of the digestion experiments. Experiments 
2 and 8 were clarification series in which portions of mixed juice were limed to 
different reactions, boiled, filtered with kieselguhr and digested at 180“ F. Experi- 
ment 13 was a single portion of juice clarified in the same way but digested at 
200°. 16 was the same as 13, except that the digestion temperature was 212. 

The time of digestion in all cases was 22 hours. The analyses are arranged in 
table 1, light faced figures' being analyses before and dark faced figures analyses 
after digestion. 

Before examining the data further, we will touch briefly on the behavior 
of the juice during digestion and the limits of accuracy in the methods employed. 
Clarified juices change in reaction when held at high temperatures, becoming 
more acid. Of the juices, the analyses of which are shown in table 1, three 
reached neutrality or acidity to litmus, the rest remaining alkaline to this indi- 
cator. Even though most of them did not become actually acid to litmus, their 
reaction was sufficiently acid so that inversion Sucrose, indicated by a dis- 
tinct increase in the glucose content, took in all with the exceptions of 

juices 4 and 5 in Experiment 2, and possibly in Experiment 8. 

With respect to the accuracy of the determinations, the actual inversion, 
which was formerly the greatest source of inaccuracy in such methods, can 
probably be accomplished with close to absolute accuracy with the Walker method. 
Both the optical and chemical methods, however, require several manipulations 
and measurements, none of which are of absolute accuracy, particularly in the 
absence of elaborate equipment for temperature control. A study of the probable 
effect of these inaccuracies indicated .05 as a reasonable limit of error in a single 
determination and .1 in a comparison inyolving two determinations, one by each 
fnethod. The latter figure corresponds to a difference of some .7 in purity. As 
this is large in proportion to any probable size of the factor we are studying, 
conclusions cannot be drawn from individual determinations, but must be based 

on averages. 

* 

* One^ part of concentrated acid to two parts of water; 
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TABLE I.— OPTICAL AND CHEMICAL BUCB08E DETEBMINATIONS. 

Light faced figures are the analyses before and heavy faced figures 
the analyses after digestion. 

t Huerose , Reaction* 

J*henol- 

Brix Glucose Optical Chemical Litmus phthaleiii J*Jl 
Experiment 2— Before ami After Digesting 22 Hours at 180* F. 


Eiltered mixed juice ... 13.54 

0.63 

11.50 

11. 31 

.010 

. 063 

5.73 

Clai'ified~2.5 ce, lime 14.01 

0.68 

11.80 

11.79 

.004 

.042 

6.24 

13.97 

1.08 

11.48 

11.41 

.008 

.061 

5.99 

#2 Clarified~5 cc. lime 13.75 

0.67 

11.80 

11.80 

. 003 

.032 

6.78 

13.82 

0.76 

11.76 

11.69 

.002 

.031 

6.41 

^3 Clarified-7.5 cc. lime 13.60 

0.64 

11.71 

11.69 

.008 

.016 

8.18 

13.62 

0.68 

11.76 

11.76 

.003 

.016 

6.86 

#4 Clarificd-10 cc. lime 13.71 

0.63 

11.84 

11.81 

.Oil 

.002 

8.55 

14.00 

0.64 

12.12 

12.05 

.006 

.012 

7.25 

#5 Clarified-12.5cc. lime 13.64 

O.M 

11.87 

11.87 

.014 

.002 

8.69 

13.77 

0.60 

11.99 

11.95 

.012 

.008 

7.34 

Ex])eriinent 8 — Before 

and Alter 

Digesting 

22 Honrs 

at 180* 

F. 


Filtered mixed juice... 13.65 

0.58 

11.85 

11.91 

.010 

.050 

5.73 

^1 (3arified-5 cc. lime 13.71 

0.62 

12.05 

12.04 

. 006 

.020 

6.91 

13.80 

0.72 

11.97 

11.97 

.001 

.026 

6.58 

#2 Clarified-7.5 cc. lime 13.82 

0.60 

12.16 

12.20 

.008 

.008 

7.60 

13.89 

0.63 

12.17 

12.22 

.002 

.013 

7.01 

#3 (3arified-10 cc. lime 13.99 

0.59 

12.32 

12.31 

.010 

.004 

8.27 

13.97 

0.60 

12.29 

12.34 

.004 

.008 

7.42 

^4 Clarifie(l-12.5cc. lime 13.83 

0..54 

12.21 

12.27 

.011 

.002 


13.92 

0.69 

12.19 

12.23 

.005 

.007 

7.34 

#5 Clarified-15 cc. lime 13.76 

0.51 

12.21 

12.18 

.012 

.001 

— 

13.81 

0.67 

12.20 

12.24 

.005 

.001 

7.42 

Experiment 13 — Before 

and After Digesting 

22 Hours 

at 200* 

F. 


Clarified iuice 15.10 

0.25 

l.t.97 

13.98 

.012 

.002 

or 

15.11 

0.75 

J3.25 

13.51 

.0 

.009 

6.8.5 

Experiment 16 — Before 

and After Heating 

22 Hours 

at 212* 

F. 


Clarified juice 13.28 

1.60 

10.63 

10.61 

.018 

.002 

8.8 

13.33 

4.26 

8.01 

8.04 

.018 

.020 

6.22 

Average 


11.90 

11.90 





Underlined figures indicate acidity, 
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Table 2 is an analysis of the figures in table 1. The' first, second and third 
columns are respectively the difference between optical and chemical determina- 
tions on mixed juice, clarified juice and clarified juice after digestion. The fourth 
column shows the change in the relation of the optical to the chemical sucrose 
during clarification, and column five shows the change during digestion. A plus 
sign in the first three columns indicates that the optical was greater than the 
chemical determination, and a plus sign in the fourth and fifth column indicates 
that the optical determination increased in proportion to the chemical during 
clarification and digestion respectively. 

TABLE II.— DIFFERENCES BETWEEN OPTICAL AND CHEMICAL 
SUCROSE DETERMINATION 


Plus signs in the first, second and third columns indicate that the optical exceeded 
th« chemical determination and in the fourth and fifth columns that the optical determina- 
tion increased in proportion to the chemical. 


Experiment #2 

Juice #1 . . 

Before 

Clari- 

fication 

After 
Clari- 
fication 
+ .01 

After 
Diges- 
tion 
+ .07 

Change 

during 

Clari- 

fication 

Change 
during 
Diges- 
tion 
+ .06 

22 Hours at 380 F. 

“ , #2 . 

— 

' 0 

+ .06 

— 

+ .06 


“ ,#3 . 


+ .02 

+ .01 

— 

— .01 


“ #4 . 


+ .03 

+ .07 

— 

+ .04 


“ #5 . 


0 

+ .04 

— 

+ .04 


Average 

—.01 

+ .01 

+ .05 

+ .02 

+ .04 

Experiment #8 

Juice #1 , . 

— 

-'''•'+.01 

0 


—.01 

22 Hours at 180 F. 

“ #2 . 

— 

— .04 

—.05 

' 

— .01 


“ #3 • 


+ .01. 

—.05 

— 

— .06 


“ #4 . 


—.06 

—.04 

— 

+ .02 


“ #5 • 



+ i03 

—.04 

— 

—.07 




Average —.06 —.01 —.04 +.05 —.03 


Experiment 13, 22 Hours at 200 F — — .01 +.01 — +.02 

Experiment 16, 22 Hours at 212 F — +.02 — .03 — — .05 

Averages — .03 +.002 +.004 +.03 +.002 

The maximum difference shown in the first three columns of table 2 is .07, 
corresponding to .5 iu»i|jl^ity; a figure smaller than the estimated probable error, 
but still large enot^h to prevent drawing conclusions from individual compar- 
isoirsT Tl>e maxinram change during clarification or digestion (columns 4 and 5) 
,a!s6 does not«exceed the estimated limit of error. 

If digesting alkaline juices at high temperatures causes an increase in the 
optical sucrose determinations in comparison with the actual sucrose content, 
assuming for purposes of comparison that the chemical determination represents 
the actual sucrose, plus values will be found in the fifth column. There should 
, afsb be a Jendency for the more alkaline juices in Experiments 2 and 8 to show the 
- g^ter.plus values. The average of the fifth column is indeed a positive value, 
corresponding to between .01 and .02 purity._jrbis is small enough to 
' considered negligible. The figures in the second and fifth column show no 
pronounced tenancy toward greater plus values in the more alkaline juices. We 
inAy (then conclude that any error in the optical sucrose determination caused by 
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the alkaline digestion is too small to be detected by the methods employed and 
that it may be considered neglig^ible. 

Data secured during the digestion experiments throw further light on the 
reliability of the optical sucrose determinations. Analyses of 63 juices, includ- 
ing sucrose and glucose determinations before and after digestion, are available. 
In one sample only was there any indication of destruction of glucose and in 
this case the amount did not exceed reasonable limits of error. With no destruc- 
tion of glucose, the total sugars before and after digestion should be in agreement 
if the accuracy of the analyses is not affected by the digestion. Averages of these 
analyses follow. The figures in the last column are the analyses after digestion 
calculated back to the density of the juice before digestion. 

Before After After digest ioii 

Digestion Itigestion Corrected for eviiporation 


Brix 14.517 14.540 14.517 

Sucrose 12.695 12.575 12.555 

Glucose 641 .785 .784 


Total sugars after digestion, corrected for evaporation, arc 13.339. This 
includes .143 invert sugar formed during digestion, from which 5% must be 
deducted to calculate it back to the original sucrose. Subtracting this 5%, 
amounting to .007 from 13.339, we have 13.332 total sugars after digestion against 
13.336 before digestion. The difference .004, corresponding to .03 in purity, is 
negligible. It is, however, in the opposite direction to the small difference that 
was found in the comparisons with chemical sucrose determinations. 

Both the optical and chemical methods will give the true sucrose content in 
a pure solution for it is on this that they are l)ased. It is possible, however, 
that impurities can cause an error in either, but that such entirely different char- 
acteristics, as the rotation of a ray of polarized light and the reduction of copper, 
should be affected to the same extent and in the same way is quite improbable. 
The averages of all the determinations, shown in table 1, are identical. While 
there is a possibility of compensating errors, the close agreement strongly indicates 
that the results found coincide closely with the true sucrose consent. 

The possibility that clarification might cause a change in the optical deter- 
mination has not been thoroughly studied, as other work has so far prevented 
investigation of this subject. Chemical determinations were made on the mixed 
juices in experiments 2 and 8. The differences before and after clarification are 
arranged in columns 1, 2 and 4 of table 2, in a similar manner to the differences 
before and after digestion in the same table. Though two determinations *are 
not sufficient data on which to base conclusions, taking the figures as they stand, 
we find a plus difference in column four of .03. Again assuming the chemical 
determination to correspond with the correct sucrose content this would indicate 
an apparent increase in purity of .2, due to error in the optical determination. 
If, however, such an error actually exists it should be more pronounced in the 
more alkaline members of a clarification series. On the whole, figures in the 
second column do not give a definite indication that this is the case, rendering it 
somewhat improbable that the error actually exists. Unfortunately, comparison 
cannot be made of the total sugars before and after clarification as was done 
before and after digestion, for the available analyses cannot be corrected for evap- 
oration during clarification. The error, if it actually exists, is small, probably 
not affecting the gravity purity more than two or three tenths. 
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While this work was not carried to the point where we can state positively 
that no change in optical sucrose determinations is caused by clarification, it does 
give us definite information as to the reliability of optical determination when 
clarified juices are further heated. As no material change in the relation of the 
optical to chemical sucrose determinations has been found, and as the total sugars 
before and after digestion are in close agreement, we can conclude that in clarified 
juices, limed within the limits practicable in factory work, digestion at high tem- 
peratures does not cause an error in optical sucrose determinations, and further, 
the fact that the two methods have given identical results strongly indicates that 
the optical method gives the actual sucrose content of the juice. A corollary to 
these conclusions is that increases in gravity purity from < larified juice to syrup 
are not to be attributed to errors in the method of analysis. 


Preparation of Cane Fibre Samples* 


By John P. Frank 

The influence of the fiber content of the cane on all the other control figures 
is well understood. The importance of closer observation of the analysis of this 
constituent, the method of sampling the cane ground, and the procedure in prepar- 
ing the cane .samples lead the writer to conduct exp^ments along these lines. 

Each day two parcels of cane were selectei^^i|k/|atnples and labelled A and 
B. Each parcel was subsampled as directed IjilppiiH book of ‘‘Methods of Chem- 
ical Control” and two analyses were mad^ on, each parcel, one prepared with a dis- 
integrator, and the other prepared w^h a Japanese plane. All samples received the 
same amount of washing, pressing and drying. The following are the results 
obtained. (Figures on the san}j^li|^ represent the same parcel of cane) : 

Jlts op fiber analyhes 





ipgrated Sample 

Pinned Sample 

Difference 

June 14. 

13.25 

13.00 



11.85 

11.35 

.38 

15. 

13.00 

11.40 



11.20 

11.10 

.95 

16. 

12.50 

12.60 



13.85 

13.50 

.12 

21. 

13.35 

12.30 



13.50 

12.20 

1.17 

22. 

' 13.95 

12.05 


K 

13.45 

12.25 

1.55 

23. 

13.60 

* 12.60 



14.45 

12.05 

1.70 

24. 

13.50 

11.95 

0 

* 

12.10 

10.95 

^ 1.35 

26. 

13.65 

12.86 



13.40 

12.50 

.85 

27. 

12.05 

10.90‘ 



13.65 

13.10 

.85 


Presented at Arst annual meeting of the Assoeiation of Hawaiian Sugar Teeiltiolo* 
gia^ Honolulu, November 1548, 1922. 
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RESULTS OF FIBER ANALYSES (Continued) 



Disintegrated Sample 

Planed Sample 

Difference 

J line 29. 

11.10 

32.90 



13.40 

12.25 

.22 

30. 

12.85 

32.35 



14.40 

34.20 

.35 

July 1. 

12.75 

12.10 



12.85 

11.60 

.95 

6. 

12.75 

10.20 



32.80 

32.25 

1.55 

7. 

12.95 

12.50 



34.20 

11.95 

1.35 

30. 

12.30 

11.75 



11.65 

31.85 

.17 

31. 

12.50 

11.55 



12.20 

31.55 

.80 

Total Av. 

32.97 

12.11 



Plus 0. 70 for fiber in trash 0.70 


10.07% fiber in eane 12.81% .86 

The libove figures given by the two methods differ by 0.86. As the cane was 
of the same quality in l)oth cases, the question would naturally follow, “Why 
the difference?'' 

The writer found that cane samples, after passing through the disintegrator, 
were divided into two portions, one long and stringy and the other derived from 
the pith in a fine mealy state of division. On mixing such a sample, it was 
found that a large portion of the fine mealy particles sift through the long stringy 
fibrous portion and settle on the bottom. 

A number of experiments conducted by Noel Decrr, indicate that the fiber 
content of the pith of the cane is one third of the fiber contained in the rind and 
nodes. In the writer’s analyses on disintegrated cane, the samples weighed for 
analysis were not representative, but without doubt, on account of the tendency 
of the mealy particles of pith fiber to sift to the bottom, contained too great a 
proportion of the long, stringy node and rind fiber. 

It is not the writer’s intention to suggest a particular make of machine for 
the purposes of disintegration or preparation of the cane fiber sample, but a 
desire to call the attention of those interested to the fact that, in this particular 
step in the fiber determination, the chance of introducing errors is great. . 

In conclusion, the writer maintains that tlie sample should be in a uniform 
state of division. If a disintegrated sample is not of a uniform state of division, 
the subsample weighed out for analysis will not, in the majority of cases, be rep- 
resentative of the original sample. 
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A Description of the Air Lift Pump^ 


By George Duncan 

« 

An air lift pump installation which has bfeen completed at Cllaa may he 
of some interest. 

This installation consists of two air lift pumps, which replaced two plunger 
pumps of about 200,000 gallons per 24 hours each. The two wells were drilled 
in 1904 for supplying the mill with water for condenser purposes. Previous to 
this time it depended absolutely upon the cane flumes for its water supply. This 
was rather an uncertain factor, and at times failed entirely. 

In 1904 arrangements were made to drill two 12" wells, 240 feet deep, and 
install two 8" single acting deep well plunger pumps. The elevation of the mill 
is 220 feet above sea level. Water was struck at 203 feet below the ground level, 
this then gave 37 feet of standing water when drilling was discontinued. 

As these pumps gave considerable trouble, especially at the time they were 
most urgently needed and as the requirements of the mill increased from year to 
year, means had to be devised whereby the water sppply might be increased. The 
scarcity of water was further augmented when a paper mill was installed in 1919. 

We were certain there was an abundance of water at or near sea level, be- 
cause from an average yearly rainfall of 200" there is practically no surface 
drainage in the territory extending from Hilo to Kau. This is due to the porous 
condition of the soil, which is of comparatively r^|^ volcanic origin. Also all 
along the coast large quantities of fresh water pWi^’fhto the sea all the year round. 
From this we were justified in deciding upon Itbe air lift pump as the most econ- 
omical means for getting this additional water supply. 

For the benefit of the few who may not know the basic principles of the air 
lift pump it might be well to give a brief description of this system of pumping. 

^ Description 

Pumping water by means of the air lift system is not a new invention or 
idea and hundreds of installations are to be found scattered throughout different 
parts of the world. 

Very little seems to have been written on this subject and it is hard to get 
hold of any formulas and tables for making the proper calculations in connection 
with the different installations. Manufacturers of the.se air lift pumps must have 
collected a vast amount of data from their own private experiments and from 
the results of the systems they have installed. Yet there seems to be a reluc- 
tance on their part to give out these formulas. 

One of the best articles on this subject I have seen so far is “The Air Lift,” 
by Prof. A. H. Blaisdell, Pittsburgh, in “Power,” Novembe" 2^rd, 1920. All of 
the formulas given here are taken from this article with th^ exception of the 
t^ciency -formula which does not appear in the article but is by the same author. 

The standard terms used in air lift work together with the definition of same 
is herewith given: 


^ Presented at flret annual meeting of the Association of Hawaiian Sugar Technolo- 
|^ts,‘ Honolulu, November 15-18, 192S. 
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Static Head: 

Normal water level when not pumping. 

Drop: 

Point to which the water level drops w^hile being pumped. 

Pumping Head: 

Level of water when pumping as compared to ground surface. 

Static Head + Drop = Pumping Head. 

Elevation: 

Point above the ground surface to wdiich water is being raised 

Lift: 

Distance water is elevated from level when j)umping, to point of discharge 
and includes Elevation + Static Head -f Drop = Lift. 

Submergence: 

Depth of the air pipe below the pumping head. 

Starting Submergence: 

Depth of the air pipe below the Static Head. 

Drop + Submergence = Starting Submergence. 

100 Per Cent: 

The vertical distance the air travels with the water from point of introduction 
to point of discharge. 

Figure 1 sh()%\s tliis in diagramrtic form. 



In its simplest form the air lift pump consists of a pipe submerged in a 
column of water and a smaller pipe delivering air into it at the bottom. The 
theory is that if the water inside the pipe is to be induced to rise higher than the 
water on the outside, means must be devised to lower the specific gravity of the 
column of water as a whole contained within the pipe. Then the greater relative 
weight of water on the outside would tend to force the lighter column upwards. 
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What could be simpler for this purpose than the introduction of air? 

In order to obtain a fair degree of efficiency, means must be devised to have 
a thorough mixture of the air and water. If the air is introduced in a haphazard 
way it has a tendency to^form into large bubbles which drive through the water 
without doing their useful share of work. The slip of the bubbles constitutes 
the chief loss of energy. This varies as the square root of the volume of the 
bubbles. It is therefore desirable to reduce the size of them by any possible 
means. 

In 1886 when Dr. J. G. Pohle obtained U. S. patents involving this system, 
he worked on the theory of alternate plugs of air and water, with the pipes sub- 
merged 60%. The highest efficiency he obtained was from 20 to 25%. Since 
that time improved methods of construction have more than doubled this figure. 
This has involved the thorough and continuous mixing of the air and water, 
proper proportioning of the discharge or eduction pipe and giving the installa- 
tion the proper amount of submergence; all of these facts having been obtained 
by costly experiments. 

Figure 2 shows the original Pohle or Side inlet pump or foot-piece, while 
Figure 3 is the Pohle ailnular foot-piece. In this foot-piece the air fills the annu- 
lar space surrounding the eduction pipe and is free to enter the rising column 



at all points* of its periphery, at the same time acting without obstructing or con- 
tracting the discharge pipe anywhere. 

Figufe 4 shows the Saunders or Reservoir system. In this system the well 
has to be cased all the way down and a little past ffie point where the air enters 
the eduction pipe. It is used in wells which will not ^rmit the use of the side 
inlet on account of lack of space. 

' Fi^re 5 shows the Central Pipe system which is just the reverse of the 
arrangement described. ^ 
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In none of these systems has there been any attempt made to mix the air 
and water thoroughly, with the result that the efficiency has been low, owing to 
the discharge being a succession of air bubbles and plugs of water. According 
to the Sullivan Machinery Co., the cause of this is as follows: “Pressure is built 
up in the air passage (until it is sufficient to overcome the head due 
to submergence) when a large bubble of air passes into the eduction pipe. 
This flow of air from the pipe temporarily reduces the air pressure through wire 
drawing, so fhat the weight of water in the well outside of the eduction and air 
pipes, which is due to submergence, shuts the air off and a plug of water follows 
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the plug of air up into the eduction pipe, until the compressor has had time to 
build up the air pressure and the air again breaks through.” 

All of these systems have been more or less superseded by more up to date 
and efficient methods. • 

Figure 6 shows the Ingersoll-Rand Class V. A. foot-piece which is the type 
installed at Olaa. As will be seen, the annular feature has been retained but 
considerably improved upon. It consists of an outside casing with an inside tube 
of brass, both attached to the Venturi connection which helps to mix the air and 
water and give the proper acceleration at this point. The Venturi or throat is 
important and is used in all up to date foot-pieces. The foot-piece is made long 
enough to permit a series of rings of small holes to be drilled around the periphery 
of the brass tube. These rings of holes are spaced in such a way as to create 
sufficient back pressure in the pump so that the air will enter the rising column 
of water with some speed, thereby again insuring a more thorough mixing with 
the water. It also helps to overcome the “plugging” effect as described in the 
older systems. 

Figure 7 shows the Central Pipe .system made by the same company. This 
system is practically the same as that just described, the only difference being 
the introduction of the air through the central pipe. All the other features of 
the V. A. foot-piece are retained in this style of pump. 

Figure 8 shows the Sullivan Standard Air Lift Pump, built by the Sullivan 
Machinery Company, Chicago. The foot-piece is in the same class as the Inger- 
.soll-Rand V. A. type. The characteri.stics are practically the same, the only 
change being the introducing of the air in the center of the rising column of water 
instead of on the outside. 

Figure 9 is the Central Pipe system by the same company. The sketch 
shows very plainly the throat or Venturi. 

Figure 10 shows the Sullivan Type D foot-piece for 8” and larger sizes. 
This is a combination of the annular and central systems. It has been found that 
in the larger sizes of pumps the thickness of the stream of water prevents the 
air — escaping through the perforations in the central mixing tube — from making 
a thorough mixture. Therefore by the addition of the outside tube this is over- 
come. 

Although the efficient of an air lift pump be low, it is probably as high, if 
not higher, than any o^er apparatus used to lift water from narrow and deep 
wells. It is remarkably free from liability to breakdown as there are no valves 
or any moving p^s to get out of order. ' Stones or sand are no obstacles to it. 
When our inst^ttion was first started numerous stones w^re thrown out, some 
of them about diameter and one piece in particular v.as about diameter 
by 4" long; The well can be any distance from the air compressor, provided of 
courser ^pgsider^tion is given to the size of the air pipe leading from the com- 
pressor^lo tte well. It requires no attention whatever as it will start and stop as 
the coji^nefsor is started and stopped. This extreine' simplicity and the lack of 
attetjiiou .required, has a tendency to offset any of its disadvantages. 
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AIR COCK 




Water can also be pumped through long horizontal pii)es from the air lift 
proper and again forced to an elevation above the ground surface. This is done 
by installing a booster on the lop of the discharge pipe and using the air a second 
time after being separated from the water. 

Figure 11 shows the Sullivan “Cyclone” Boo.ster while Figure 12 shows tlie 
Re-lift Mixing Tube. Figure 13 shows a typical installation, illustrating the air 
lift, booster and re-lift mixing tube or compound jet. 
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The booster as illustrated is a simple tank, closed top and bottom, with the 
inlet and outlet at a tangent to the periphery. The combined air and water from 
the air lift is discharged into the top at a high velocity, causing it to swirl and 
effecting in this way^a perfect separation of air and water. The water is dis- 
charged at the bottomj while the air passes off at the top through the pressure 



retaining valve. This valve is set to maintain the pressure required by the head 
against which the booster is to discharge. The air from the pressure retaining 
valve is piped to the bottom of the riser pipe where it again mixes with the water 
through the re-lift mixing tube. 

The work to be done by the booster, represented by the lift and friction 
head, should not exceed 25% of the total working air pressure in the air lift pump. 

It is unfortunate that there is no data available at this time in connection 
with the combined efficiency of the air lift and booster. 

To operate efficiently the proper amount of submergence or that part of the 
air and eduction pipes below the surface of the water in the well, is very 
important. * 

In .actual practice it has been found that the sulJmergence may be varied 
with the lift, shorter lifts requiring a greater percentage of submergence. The 
drop of a well is one of the most uncertain factors in air lift work and cannot be 
calculated previous to installing the pump. Each welLis a separate problem, 
«because (4ependiiig on the geology) one well may have a drop of 40 feet while 
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another may have no drop at all. Owing to this and also on account of the 
depth of the well and proportioning of the eduction pipe, there is no definite 
relation between lift and submergence, although the following i)roportions will 
be found effective for preliminary calculations : 


For lifts to 50 feet — 70 to 

50 to 100 “ — 66 to 55% 

100 to 200 “ — 55 to 50%i 

200 to 300 “ — 50 to 43%. 

300 to 400 “ — 43 to 40%; 

400 to 500 *• — 40 to 33%, 


submergence 



The proper proportioning of the eduction pij)e is also of great importance 
to secure the highest efficiency. It must bear a relation not only to the amount 
of water to be handled, but also to the amount of air; so that for an equal 
amount of water the pipe size may vary with the lift and also with the percent- 
age of submergence, as both factors change the amount of air. If the pipe is too 
large, there is slippage of the air past the water unless more air is used to keep 
up the velocity. If the pipe is too small, undue friction will, of course, increase 
the power needed. 

Quoting Prof. Blaisdell : “The velocity of the air and water mixture at the 
upper end of the discharge pipe will be from three to four times that in the 
lower portion of the same pipe (if the pipe is of constant diameter throughout)^ 
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due to the expansion of the air bubbles as they ascend in the discharge pipe and 
reduce the eifective area for the flow of water. It will serve for most purposes to 
assume a velocity of from 6 to 8 feet i>er second for the lower end of the pipe 
and 18 to 26 feet per second for the upper end.’* The theoretically correct fonn 
of discharge pipe is one that tapers gradually from top to bottom. 

Some of the formulas used in air-lift work are here given. In these formulas 
the letters have the meaning as follows : 

Q = Cubic feet per second of water and air. 

Qw = Cubic feet per second of water pumped. 

q =z= Cubic feet free air per gallon water pumped. 

q, = Cubic feet free air per lb. water pumped. 

p, == Atmospheric pressure lbs. per square ins. abs. 

Pjj =:r= Pressure at lower end of air pipe, lbs. per sq. ins. abs. 

V . = Velocity of fluid mixture at point where air eiitcrs discharge pipe, 
ft. per second. 

D = Diameter of discharge pipe in inches. 

G = Gallons water pumped per minute. 

h.p. ~ Lift in feet. . 

N. = % Efficiency.* 

The quantity of water and air passing by the lower end of the air pipe is 
given by the formula : 

pi 

Q = Qw (7.84 q p2 + 1) 

This formula applies to but one section of the discharge pipe, for any sec- 
tion of this pipe y feet from the lower end of the air pipe, the density of the 
fluid mass i.s less than it was lower down in the pipe and Q becomes greater, 
although the weight of fluid discharging from the pipe per second remains con- 
stant. 

The diameter of the discharge pipe is given by the formula : 

/ 

D = 0.62 y G (7.48 q p2 + 1) 

V, 

The value of D given by this formula must be less than that of the well by 
3" to 5". A suitable value for V is 6 to 8 feet per second. As a rough estimate 
one can allow about one square inch of free cross sectional area for dis- 
. charge for every 12 to 18 gallons of water pumped. ^ 

Quantity of free air per gallon of water pumped is gi' et^by the formula; 

62.5 h.p. 

q = 

N 16035 log, p2 
pi 

■ • 

ni 
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The efficiency of an air lift can best be stated as : 

lbs. of water delivered X pumping head in feet 

N = 

air compressor work in foot lbs. 

For given operating conditions this ratio will be the same for unit weight of 
water as for the total weight, providing that the quantity of free air per lb. of 
water pumi)ed is used in the calculation. Therefore this becomes : 

1 X h.p. 

N = 

144 Pi qi loge p2 

pi 

For other formulas in connection with the effective length of the discharge 
pipe and proportioning of same see the before mentioned article in “Power” by 
Prof. Blaisdell. 

Olaa Installations and Results 

The Olaa installation consists of one Ingersoll-Rand 10" and 10"xl4", and 
16" and 10"xl4" steam driven cross compound air compressors and two type V. 
A. size 8 foot-pieces. 

The two original wells of 240' depth in which the single acting plunger 
pumps worked, were deepened to 450'. This was necessary to obtain the proper 
submergence. 

The dimensions of the wells are as follows: 


Diameter 

.... 

12" 

Depth 

450' 

0" 

Static Head 

203' 

6" 

Drop 

0' 

0" 

Pumping Head- 

203' 

6" 

Submergence 

239' 

1//' 

% Submergence 


54 


It will be noted that there is no drop of the static head. This, I believe, is very 
unusual, but, as was said before, when everything is taken into consideration 
with reference to the geology, it is not so remarkable. 

• The two wells are within fifty feet of each other so that this favors our con- 
tention that there was an abundance of water. I'he wells are about three miles 
inland but the salt contents of the water is only 0.4 of 1 grain per gallon. 


The dimensions of the discharge pipes of the two pumps are as follows : 


Well No, I 

Length of Foot Piece 6' 10" 

First section of pipe 4j^" diameter 50' 0" 

Second “ 5" ‘‘ 127' 1" 

Third ‘‘ 6" 124' 9-5/8" 

Fourth ‘‘ “ 7" 133' 10-7/8" 

Total 442' 7//' 
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Well No. ^ 


length of Foot Piece 6' 10" 

First section of pipe diameter 119' 10-7/8" 

Second “ * “ “ 5" “ 139' 11-7/8" 

Third . “ » “ 6" “ • 175' 10-3/4" 

Total 442' 7^" 


It will be seen that the discharge pipes of the two pumps are not alike. If 
the efficiency and output chart Figure 14 is studied, the influence, which the 
proper proportioning of the discharge pipe has on the amount of work done by 
the pump, will be apparent at once. 

The wells were pumped at different compressor speeds varying from 276 to 
439 cub. ft. free air per minute, to determine the most economical speed and also 
to find out the greatest amount of water we could expect if we had occasion to 
need it. 

The following is the result of these tests: 


No. I Well 


Air 

Cub. ft. 

Gal«. 

Water 

Gals. 

A 

Gals, per 

Air 

Cub. ft. per 

per min. 

per min. 

per 24 hrs. 

Cub. ft. air 

Gals, water 

29n 

350.99 

505,425 


0.835 

309 

370.04 

532,857 

1.193 

0.836 

342 

400.09 

576,129 

1.171 

0.855 

374 

428.30 

616,752 

1.143 

0.875 

407 

462.75 

651,967 

1.111 

0.899 

439 

476.01 

685,461 

1.082 

0.942 



Cubic Pert Free Air P#r Min. 



mi*. 
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No. 2 Well 


Air 

t 

Water 


Air 

Cub. ft. 

Gals. 

Gals. 

Gals, per 

Cub. ft. per 

per min. 

per min. 

per 24 hrs. 

Cub. ft, air 

Gals, water 

276 

325.86 

469,238 

1.176 

0.849 

293 

.146.70 

499,248 

1.182 

0.846 

.109 

.157.65 

51.5,016 

1.151 

0.86.) 

342 

378.40 

544,896 

1.106 

0.904 

.174 

399.00 

574,560 

1.064 

0.9.19 

407 

415.40 

■ 598,176 

1.020 

0.980 

439 

4,10.40 

619,776 

0.978 

1.022 


The air pressure required is of course that due to the submergence. Sub- 
mergence 2.3 friction = Running pressure. 

The efficiency of the two pumps as computed by Prof. Blaisdell's formida is: 


Air 

Cub. ft. per min. 
276 
29;i 
;U)9 
'M2 
.174 
407 
439 


% Kfficieney 
Pump 


44.97 

44.9,1 

43.90 

42.96 

41.76 

40.67 


% Efficieney 
l»iimp #2 
44.22 
44.44 
43.41 
41.57 
40.02 
38.. 15 
36.78 


Acknowledgment is hereby made to the Ingersoll-Kand Co. and Sullivan 
Engineering for the illustrations used. 


Potash Recovery. From Waste Molasses* 

Hy Raymond Elliott. 


Molasses has been burned at Paauhau during this .season for the recovery 
of ash and potash. A specially constructed furnace is used, the molas.ses being 
fed in the form of a thick spray. An analysis of the resulting ash by the H. S. 
P. A. Experiment Station gives the following as the composition of three months’ 


Potash, water soluble 27.66 

Potash, acid soluble 28.33 

Silica 3.63 

Iron and Aluminum Oxides 1.22 

Lime 17.67 

Phosphoric Oxide, acid soluble 2.00 

Phosphoric Oxide, water soluble trace 

Sulphuric Oxide 8.36 

Carbon Dioxide 5.39 

Chlorine 16.49 

Carbon 11.79 

Total Water Soluble .55.28 


* Abstracted from a paper read at the first annual meeting of the Associ.atioa of 
Hawaiian Sugar Technologists, Honolulu, November 15*18, 1922. 
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The following table gives the results of the operation for three consecutive 
months. The first two columns show the recovery of ash and potash respec- 
tively as i)er cent of theoretical. The third and fourth columns show respectively 
the actual potash per cent of the ash and the theoretical potash per cent of ash as 
obtained from laboratory "^analysis. In the fifth column is shown the percentage 
difference between the theoretical and actual potash content of the ash, corres- 
ponding to the per cent of the total potash lost. 


Ash Becovered, 

Potash Recovery, 

t % Potash in Ash ^ 

Percentage 

Difference 

% Ash in Molasses 

% Potash in Molasses 

Actual 

Theoretical 

41.37 

32.89 

22.60 

28.43 

20.5 

69.24 

53.06 

25.25 

28.19 

10.4 

72,28 

60.11 

27.61 

33.20 

16.8 

89.19 

79.34 

27.74 

31.18 

10.3 

79.00 

71.84 

27.66 

30.42 

9.1 

87.96 

73.48 

26.35 

31.55 

16.5 


The order of recovery of ash, potash and the potash content of the ash fol- 
lows fairly regularly. The writer has observed that this is a direct result of the 
draft and heat of the furnace, the best recovery following the use of a low draft 
not to exceed 0.10" and a low temperature, just sufficient to effect the combustion 
of the molasses. This is readily explainable by the fact that at relatively high 
temperature the chloride of potassium, which forms the hulk of the potash salts, 
is volatilized, a fact which is also shown in the low potash content of the ash 
when the recovery is also low. 


Sugar Loss Due to Burning-Off* 

By J. P. Frank. 

When cane is burned before cutting, there is found on the stalks a sticky 
substance, the amount varying with the intensity of the heat to which it has been 
exposed, being greatest when the cane is unstripped and the trash dry. This 
so-called “sweating’’ was examined in the laboratory of the Dnomea Sugar Co., 
and found to be concentrated juice, thus indicating a loss in sugar due to burning 
in addition to that i)ossibly lost through deterioration of the cane. This is par- 
ticularly so when the cane is sent to the mill in flumes, when the material on the 
stalks will be entirely dissolved in the flume water. The work here reported 
was interrupted by a spell of rainy weather, and is therefore not complete. It is 
the intention of the writer to make further tests and observations during the 
1923 crop. The following figures give the results obtained so far : 

Sucrose in ‘ ‘ Sweating ^ ’ per 

ConiUtion of, Cane and Fire, 100 Sucrose in Cane. 

Unstripped Cane, light fire, light burning, wot trash (1) 0.81 


tt 4( it tt tt tt ft if ^2) 0.81 

** light burning 0.96 

** ** wet trash 1.18 

7 normal fire 2.35 

‘‘ hot fire (1) , 6.08 

<< << << << (2) 7.46 

Stripped Cane, light fire 0.79 

hot fire 2.43 


♦ Abstracted *from a paper read at the first annual meeting of the Association of 
Hawaiian Sugar Technologists, November Ifi-lS, 1922, 
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Returning Mud to the Mill After the First Pressing* 

By V. Marcallino 

The idea of returning the mud to the mill after its separation from the clear 
juice is an old one, and has been tried out in many varying forms. The results 
claimed vary from absolute failure to complete success. 

At Waiakea, the experiment of returning mud to the mill after the first 
pressing was started at about noon on Friday, August 18. It was continued 
all day Saturday and on Monday, the 21st, until 4 p. m. The immediate cause 
of its discontinuation was the difficulty encountered in getting the juice to settle 
in the clarifiers, resulting in the blocking of this station. 

Double pressing is practiced at Waiakea. It was thought that after one 
pressing and remixing with water, the volume of the mud juice would have been 
so reduced as to make its return to the mill possible, also that its sucrose content 
would be so low that there would be no effects harmful to the extraction. 

Object of the Experiment. 

Four men are employed on the mud press station, two on the first presses, 
two on the second. Had the experiment been successful, it would have meant 
the elimination of two men and of all the cloth used in the second presses. In 
1921, with a crop of 9380 tons, the quantity of cloth used on the second presses 
alone was 1720 yards. A certain amount of inversion is always to be found 
where double pressing is practiced. This should have been reduced. 

Procedure. 

There was no change made iu the equipment, other than the running of a 
pipe from the pump supplying the second presses to the mill. This pipe was lead 
into a trough located just behind the first mill and here the mud juice mingled 
with the last mill juice, the overflowing of the trough causing the mixture to 
sprinkle over the bagasse blanket. 

The mud juice, after the fir.st pressing, and the last mill juice being of 
approximately equal densities, it was felt that this was the proper place to return 
the mud. The time allowed for the admixture of the mud and bagasse blanket 
was therefore the time taken by the bagasse blanket to travel between the first 
and second mills. As the crusher was not in use at the time of the experiment, 
the second mill juice went directly to the mixed juice tank. 

Results. 

It was noted that a considerable proportion of the mud returned was re- 
expressed by the second mill and reentered the mixed juice. The increased 
volume of. mud in the clarifiers retarded the settling to such an extent as to 
greatly lessen the proportion of clear juice which could be drawn off, and at the 

* Presented at the First Annual Meeting of the Association of Hawaiian Sugar 
Technologists, Honolulu, November 15-18, 1922. 



166 


same time, increased the quantity of mud to be handled by the first presses. 
This resulted in the congestion of these two stations and was the immediate 
cause of the discontinuation of the experiment. 

The above is true in spite of the fact that the average tonnage per hour for 
thc.se three days was only 21.3, as against 25.0 fbr the balance of the crop, and 
that out of a total time of 37 hours there were delays amounting to 3 hours and 45 
minutes, which time was available for settling. The dilution, however, for these 
three days averaged 32.3 as against 27.5 for the balance of the crop. 

Bagasse samples taken during the period of the experiment both when the 
mud was being returned and when such was not the case, point to the conclusion 
that the extraction would have suflfered somewhat, had the procedure been con- 
tinued. To just what extent, however, the writer would not care to hazard a 
guess, owing to the short duration of the test and the lack of conclusive figures. 

It may also be noted that during the progress of the experiment, several 
complaints were encountered from the firemen, who claimed that the bagasse did 
not bitrn as well, owing to a higher moisture content and the presence of the mud. 

. Discussion of the Results. 

It seems that the principal reason for the failure of the experiment was that 
‘a large proportion of the mud once removed from the clarified juice found its 
way back into the mixed juice, resulting in an ever increasing volume of mud 
in the settling tanks. In other words, the bagasse blanket of one mill alone did not 
constitute a proper filtering medium, a large proportion of the mud finding its 
way into the expressed juice instead of being retained in the bagasse. 

Had the mud juice been returned after the second pllll instead of after the 
first, the last mill juice containing the expressed ni:^;i^i^d have been returned 
ahead of the second mill, probably resulting in a filtration. It was felt, 

however, that the returning of the mud juice hi^^^h sucrose content just ahead 
of the last mill, would have had a detrimental effect on the extraction. Or, if 
the crusher had been in operation at this time, the second mill juice could have 
been returned ahead of the first mill. It is possible that with a longer train of 
mills, where the returning of maceration could be practiced, a more satisfactory 
filtration could have been obtained. 

It may be noted that' during the progress of the experiment the juice from 
the clarifiers was m^ strongly alkaline than is usually the case at Waiakea. 
No attempt was made to sp6ed up the rate of settling by decreasing or increasing 
the amount of lime used. 
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Sugar Formation and Ripening of the Sugar Cane* 

By J. Kuyper. 

(aiistracted by w. van it. dukek) 

The first part of this publication describes how the formation of organic 
matter depends on the leaf green (chlorophyl) and the light energy. 

The quantity of light energy is fixed and the growing period should be so 
arranged that this quantity is used to best advantage. Everything in connection 
with the crop must be so arranged that as large a quantity as possible of the leaf 
green (chlorophyl) is exposed to the light; it is therefore of advantage to a 
variety when it has a deep green color, an overhanging foliage and a wide leaf. 
For this reason healthy cane has the advantage over yellow stripe diseased cane, 
because the latter contains less chlorophyl. The plant shape should be so that 
the entire surface is covered by leaves. 

Binding of canes works detriinentally on the production al)ility, because as 
the tops are tied together the light energy is not fully utilized. Tying up is 
therefore a cure for fallen cane, which at times can turn out to be definitely 
detrimental. 

Under otherwise comparable circumstances high cane weight usually goes 
together with a lower rendement, a lower cane weight with a liigher rendement. 
However, a favorable year in comparison with an unfavorable one will give a 
higher rendement, because favorable weather conditions give to the cane a better 
chance to ripen. Early harvesting is nearly always less risky than late harvesting. 

In the second part the ripening and ripeness determination is treated. In 
the first place the sampling is di.scussed. The best system is a definite location 
on a field map of the spots where the samples are to be taken, and long before the 
samples are analyzed to label the stalks to be used. The choice of the stalks is 
therefore perfectly automatic. It is immaterial if the stalks originate from one 
or more seedpiece. The reliability of this method is discussed in detail. 

In Chapter III, on the analysis of the samples, is first ])roven that sampling 
for cane weight is practically impossible and that therefore the juice figures de- 
serve our special attention. Later they take up why the three-division of the stalks 
is the be.st method of analysis. In detail is described how this method is developed 
and on what scientific base it rests. The division of the stalk in 10 parts gives 
interesting data but is tco elaborate for practical use ; examination of 2 parts 
causes the most important advantages of the division method to be lost. The 
method does not hold good for just a few varieties ; but, based on physiological 
reason and on examples taken from practice, the conclusion is drawn that be- 
tween cane varieties no principal difference exists. 

In Chapter IV, on the Interpretation of Advance Analyses Results, methods 
are developed how the figures from the advance analysis books can best be com- 
bined to obtain a survey of the available material. The fields are therefore 
arranged in groups with the same plant month. From the thus obtained figures 
it is shown how the ripening depends on the plant month; for 1(X) this 

* Archief voor de Suikerindustrie in Nederlandsoh Indie, 1922. 
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dependability is greater than for 247 B ; for the factory at Remboen the figures 
check closer than for Gempolkrep. The curves for the average sucrose content 
is also different for both plantations, but from this the conclusion is drawn that 
the ripening differs for cane varieties and plantations. It is shown that two 
main groups of plantations must be considered; those where soil and climate 
are favorable to a slow ripening in the east monsoon, and those where soil and 
climate first accelerate ripening in the east monsoon but thereafter break off 
quite suddenly. On the first named plantations later planted fields can reach 
the same rendement as the earlier planted ; 'in the latter group the later fields 
usually only reach a lower rendement. The influence of the climate on the ripen- 
ing for different years is traced. 

Chapter V deals with the differences between the three parts where in tlie 
stalk is divided. Here also the just mentioned division holds good. It shows that 
on a plantation with a strong east monsoon for all canes, irrespective of the 
plant month, the differences of lower-center equal the difference of center-top, 
that therefore in the graphic representation the lines cross at about the same 
datum. For a plantation of the Remboen type this is not the case. 

It happens repeatedly that the difference of l6wer center becomes negative, 
and more especially for certain cane varieties as D.I. 52, for others less so, and 
for 247 B practically never. The connection of this phenomenon with the rainfall 
' us shown. The comparison between the plantations Remboen and Gempolkrep 
is again extensively carried through on the basis of what is said in previous 
chapters. At the end of this chapter a review is given of the behavior of .several 
cane varieties on different enterprises : while a classification is studied of how far 
cane varieties and enterprises should be arranged in the before mentioned groups. 

In Chapter VI a study is made as to how W.S. (avstllable sucrose) Brix and 
Purity change in the three parts of the stalk under the^^lience of outside circum- 
stances, especially rain. It shows that the lower. reacts first and strongest 
on minor factors such as light rains. The Purity shows the strongest fluctua- 
tions of irregularities in the ripening, a large drop of Purity in all parts points 
to larg? disturbances, especially if this coincides with a drop in the Brix. The 
character of the reaction of the juice is the same for varying age, and therefore 
in order to determine the moment of ripeness next to these variations in juice 
properties, the characteristics of every cane variety and each plantation must 
be known. 

In Chapter VII, on the glucose, we find that the gluco.se factor shows varia- 
tions in nearly perfect agreement with the fluctuations in the usually determined 
juice figures. Based hereon is reasoned that the determination of the glucose 
percentage has only doubtful value considering the additional work required. 

In connection with the Specific Gravity in Chapter VIII, Mile find that up to 
the present this has been of no value in the determination of th<l time of ripeness, 
also the chance that this will give a better indication in the future is small. 
At its best it furnishes a control on certain characteristics in the stand (for in- 
stancy, presence of diseased cane) and only as study -material, do the Specific 

Gravity determinations have value. 

« 

* 



169 


Investigations Pertaining to the Field Rat and Other 
Problems in Hamakua. 

A Itcport on Progrcs,^ of Work 


By C. E. Pemjikrton 

On January 5th of this year, I commeiicerl an investigation of the results 
obtained from the application of rat poison in all of the cane fields at Honokaa 
during the year 1922. As each field is harvested, I am making counts of average 
cane in all parts of the field to obtain as exact figures as possible on the amount 
of rat damage present. 1 have made every effort to secure a fair count. I be- 
lieve the accumulating data will fall close to the aver?ge condition of each field. 
The preliminary results have reached fair proportions, and 1 am submitting 
them at the present time for the interest they j)ossess. The accompanying table 
summarizes the results. For interesting comparisons 1 am including a table on 
the extent of rat damage at Honokaa to cane, cut during 1922, which was tin- 
])oisoned excepting in limited areas under experiment. These figures were 
kindly supplied me by the Honokaa Sugar Co. J have also added a table show- 
ing the enormous amount of rat damage occurring in cane at Pacific Sugar Mill, 
cut during 1922. These figures were also supplied by Honokaa Sugar Co. 1 
have made a few counts with Mr. F. 'R. Ciddings, of cane harvested this year 
at Pacific Sugar Mill, and include them in the first table. The treatment for rat 
control of the fields at Pacific Sugar Mill does not seem to have been satisfac- 
tory. The amount of rat-eaten cane now present there would also seem to indicate 
this. The control in some sections will be difficult and require very close super- 
vision in the application of poison. It will probably j^rove necessary to ])lace 
poison in those parts in greater (fuantity raid more frequently than in average 
fields, both at Honokaa Sugar Co. and Pacific Sugar Mill. 'Hie condition of the 
fields at Ikacitic Sugar Mill will thus this year serve to some extent as a check 
on the results obtained at Honokaa, where the ])oisoning during 1922 was inten- 
sively done VA}(\ thorough in most areas. 

The average damage to cane harvested to date at Honokaa, as computed 
from the data in Table 1, is vT2%. The fields from which this cane was cut were 
poisoned thoroughly in 1922. The average damage by rats to cane at Honokaa 
harve.sted during 1922, as taken from Table 2, was 19^/. This cane was not 
poisoned, except experimentally in some places. 1'his comi)arison is highly 
illuminating and rather indicates that the first year of the poison campaign at 
Honokaa, with all its seemingly insurmountable difficulties and doubts as to the 
final results, has proven an economic success. There should be much greater 
improvement during the coming year through more efficient manufacture of the 
poison, its more systematic application, and through much added knowledge of 
the distribution and habits of the rat and the quantity of poison to apply. Table 
1 shows parts of some fields still with from 5 to rat injury. I'hese places 
are almost invariably next to gulches or are deep hollows or pockets containing 
rock-piles or waste areas of great irregularity. Here the rats have a better 
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foothold, can develop and congregate with but little disturbance, and it is here 
that poison will need to be applied in maximum quantity and frequency. The 
larts of Honokaa fields showing the most injury received about the same amount 
of poison as the less damaged parts. The quantity and frequency of application 
will probably have to be doubled at such places in the future. Field 38, Honokaa, 
shows some places with a fair amount of rat damage, in spite of the poisoning 
I am told that this cane was in some parts fairly mature before the first applica- 
tion of poison was put on, and that rat injury was then present. This does not 
account for all the injury, however. Several fields will .show a good deal of old 
injury, owing to the age of the cane. Field 34 is now being harvested. This 
field is two years old and had considerable rat-eaten cane in it before the first 
poison was put on in 1922. It seems to illustrate very well the efficacy of the 
poison, for practically all of the injury is old. 

Most of the Honokaa fields which were poisoned received three applications. 
Mr. F. R. Giddings of Honokaa Sugar Co. has given me the data included in 
Table 4, showing^ just what treatment each field received. It should be noted 
that strychnine-wheat was not applied until the close of the year and thus prac- 
tically all of the results were obtained from the first two treatments with barium 
carbonate cakes. I believe four applications a year in average fields will prove 
worth while, in.stead of three. At least the first two should not he more than three 
months apart. A consideration of the breeding habits of the rat must be taken 
into account. Three months after the first poisoning, many young rats which 
were too small to move about much for food when the first application was 
made, will have missed tlie poison, which the adults have readily found, an<l be 
old enough for reproduction. This brood, just maturing, will he im])ortant to 
eliminate as far as possible. In other words, the quantity of young left in the 
field after the first jjoi.soning should be large, while the number present at the 
time of the second poisoning, three months later, should be small. This is the 
basic principle governing the artificial control of many insect pests, and should 
hold true in rat^ontrol, within reasonable limits, iTifliie poisoning is thorough. 

Bubonic league has again appeared amg^g rats in Hamakua, the first for 
the year 1923. Mr. C. Charlock 6lNS|| Territorial Board of Health has diagnosed 
the cases of three rats as positive for plague. Two came from Field 19. Pacific 
Sugar Mill, and one from the Louisson-Vanatta Road above Paauilo. It is inter- 
esting that all three ralg^were taken outside the region at Honokaa where the 
rats h^e been so greatiyT(|duced. Rats have done a great deal of damage in 
Field. 19, Pacific where two of the infected individuals were taken. 

Mr. ^arlock has suffiUm me with slide mounts of the plague bacilli secured 
from wese thrce^||P^e rats. They are proving useful for comparison with 
numerous bactefijfiwhich 1 am daily securing frogj fleas and mites collected from 
rats, for plague investigations. 

96rer Damage 

While carrying on examination of cane for rat injury as it is 

cut in each' been constantly confronted with rather exten- 
sive cane-borer have been making counts in each field-since February 

yp' 



7th, to secure the percentage of borer-injured cane. The injury is in excess of 
what was expected. In fact, the damage by borer this year must amount to 
many thousands of dollars if the percentages continue to run as high as those 
obtained in the counts to date. I have used every precaution to count only 
average unselected cane. The following table covers all the examinations made. 
Mr. Waldron and Mr. Naquin are particularly interested in having me secure 
these data. I have been told that the borer has always been somewhat serious 
here. 



BORFJMNJtTKET) 

GANE, 

HONOKAA SIKJAK (K)., 
No. Sticks No. Sticks 

1923 

Percentage 

Date 

Field 

A^arietv 

Examined 

Injured 

Injured 

Feb. 

7 

30 

D 113*5 

200 

107 


53 . 5 

i i 

8 

IS 

H 109 

100 

3(5 


36 

i ( 

8 

18 

D 11.35 

100 

58 


58 

i t 

9 

18 

i i 

100 

32 


32 

i ( 

12 

37 

( ( 

200 

101 


50 . 5 

i t 

12 

30 

i t 

100 

(53 


(53 

i i 

V\ 

30 

i ( 

100 

49 


49 

i i 

14 

37 

t i 

300 

132 


44 

i i 

14 

30 

( ( 

100 

39 


39 

i i 

15 

18 

i ( 

200 

39 


19.5 

t ( 

1(5 

19 

(Knkuihaele) 

i t 

100 

29 


29 

t i 

17 

18 

( ( 

200 

30 


15 

( ( 

19 

34 

IT 109 

300 

174 


58 

( ( 

20 

34 

< < 

(500 

244 

Average 

40. () 

41 .9 


Parasitized borers arc easily found in any field, but for some une>vplaincd 
reason, the parasite does not hold the borer in check as well as on most other 
plantations in the Islands. As the examinations for ral-injury progress, 1 will 
collect with these data further information on the extent of l:)orcr-injury in 
each field as it is harvested. 

WiREwoRM Investigations 

Two field experiments on wireworm control have been put out, using 
cyanamid and carbon bisulphide. A field for the cotton-sced meal experiment 
should be ready for planting in a few weeks. The cyanamid exj)eriment covers 
an area 80 by 60 yards, using 400 lbs. of cyanamid, placed in the furrow with 
the seed before it is covered. I placed this in the furrows ahead of the 
planters, spreading it well out to cover the bottom of the furrow at a 
width of about feet. Suitable check-rows were untreated. I do not believe 
the cyanamid will prove of any value in checking wireworms. It has no effect 
upon them that I could detect in laboratory experiments. Fifty wireworms 
were placed in a 2-quart can of soil on January 16th and two ounces of cyanamid 
mixed thoroughly in. This is a much greater strength than could ever be used 
in the field. On February 20th, the wireworms were still healthy and active, 
barring those which had been destroyed through the cannibalistic habits of the 
wireworms. In another laboratory test on January 12th, 100 freshly-collected 
wireworms were placed in a wooden box containing cubic yard of soil into 
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which 4 ounces of cyanamid was thoroughly mixed, and 4 seedpieces of D 1135 
planted. This is at a rate of over 1 ton cyanamid per acre. By February 20th, 
the cane had germinated satisfactorily, the root-systems were large with no 
visible cyanamid injury, and the wireworms were still alive and active. None 
of the cane-eyes had beeh eaten by the wireworms, however, after the 39 days 
of confinement in the box with the seed. The material may have had some in- 
jurious effect upon the wireworms which could not be detected. The cyanamid 
may thus act as a repellant. The field experiment will require a few weeks more 
before the results are known. 

In the carbon bisulphide test again.st wireworms I gassed 22 rows, 150 feet 
long, following the planters, leaving proper check-rows, using the Danks In- 
jector and applying about 1 gallon of carbon bisulphide per 500 feet of row . A 
charge of gas was put in zt about V/2 feet spacing. I hoped in this way to kill 
outright the majority of the wireworms in the soil for a distance of about IJ/j 
feet about the seed. It is yet too early to know the results of this test. 


TABLE 1. 

BAT-DAMAGE— HONOKAA SUGAR CO. 
E1ELD8 POISONED 1922— HARVESTED 192:i, 




Date 

No. Sticks 

No. Sticks 

Percentage 

Field 

Variety 

19:3 

Examined 

Bat-eaten 

Sticks Eaten 

20 

HlOO&Dliso 

«Jaiu 5 

1500 

10 

.6 


a ft 

6 

500 

1 

.2 


Badila 

II 17 

1000 

0 

0 


mi 35 

II 17 

1000 

29 

2.9 


4< 

II 17 

*2000 

00 

1.1 • 

im 

H109&D1135 

* * 22 

2000 

22 

1.1 


H109 

26 

1400 

56 

4.0 


it 

27 

2000 

59 

2.9 


D1135 

< < 27 

600 

10 

1.6 

no 

1)1135 

9 

500 , ‘ 

6 

1.2 


i € 

10 

1000 

8 

,8 


i { 

Feb,.^ 5 

*1000 

35 

3.5 


t i 

6 

3000 

57 

1.9 


it 

II 7 

2000 

49 

2.4 


1 1 

12 

1500 

119 

7.9 


i i 

13 

1000 

84 

8.4 


it 

II 14 

1000 

35 

3.5 

la 

it 

Jan. 17 

*2000 

1 

.05 


. II 

25 

'3000 

31 

1.03 



30 

3000 

35 

1.01 

37 

< 1 , ^ 

Feb. 7 

2000 

81 

4.05 



12 

2000 

88 

4.4 


it 

14 

• 2000 

82 

4,1 

38 

it 

Jan. 

2000 

51 

2.5 


1 « 


1000 

51 / 

5.1 


1 1 

24 

1000 

64 r 

6.4 


H109 

<< 24 

1000 

22 

2 . 2 , 

* 

it 

29 

1500 

229 

15.2 


€i 

30 

1000 ' 

99 

9.9 


mm. 

30 

1000 

105 . 

10.6 


mo9 

Feb. 5 

*1000 

119 

11.9 
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Date 

No. Stieks 

No. 8ticks 

Percentage 

Field 

Variety 

1923 

Examined 

Bat-eateu 

Sticks Eaten 

18 

< ( 

Jan. 23 

3000 

74 

2.4 


t i 

24 

•^2000 

51 

2.5 


i i 

‘‘ 29 

2000 

39 

1.9 


Dll 35 

29 

2000 

(55 

3.2 


f { 

Feb. 4 

1700 

37 

2.1 


( i 

5 

1300 

46 

3.5 


HI 09 

8 

.3000 

37 

1.2 


D1135 

‘‘ 8 

3000 

30 

1 .0 


1 1 

9 

1000 

29 

2.9 

la 

1 1 

15 

2000 

5 

.2 


EXAMINATIONS AT KUKUJHAELE (PAI^JIFIC SIKJAR AllLL). 

Date 

No. Sticks 

No. Sticks 

Percentage 

Field Variety 1923 

Examined 

Bat-eaten 

Sticks Eaten 

9 11109 Jan. 13 

1300 

221 

17.0 

19 01135 13 

*♦1340 

345 

25.8 

Dll 35 Feb. 5 

M51)0 

.590 

.39.3 

Striped Tip 16 

Fount made with Mr. F. K. (liddings. 

*♦2000 

962 

48.1 


TABLE 2. 

KAT DAMACiKD— BONOKAA SIT(!AR 00. 
C'ANK HARVESTED 1922— nNJ'OlSONED 



Date 

No. Sticks 

Perce 

Field 

1922 

Examined 

Sticks 

2 

!May 

2800 

24 

33 

( i 

1000 

15 

37 B 

i i 

900 

25 

[)w (-hoy (Jon- 

1 1 

300 

31 

tract 

1 

June 

1300 

15 

2 

t ( 

900 

26 

21 

i » 

300 

10 

27 

i ( 

2000 

21 

33 

( i 

2500 

17 

37 B 

t i 

100 

22 

3w Choy Con- 

( 1 

800 

22 

tract 

1 

July 

1300 

18 

21 

f( 

300 

14 

27 

i i 

1500 

16 

33 

<t 

1200 

16 

17 

August 

600 

11 

19 


1400 

19 

21 

<( 

800 

13 

24 

1 1 

1200 

21 

27 

1 1 

2200 

29 

28 

(t 

700 

16 
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TABLE 3. 





BAT-DAMAGE— PACIFIC SUGAB MILL. 






CANE HABVESTED 1922— UNPOISONED. 






Date 


No. Sticks 

Percentage 


Field 


1922 


Examined 

Sticks Eaten 


6 


June 


700 


39 



8 


(( 



1800 


37 



14 


i t 



1500 


34 



23 


it 



1200 


31 



5 


July 


400 


10 



8 


< t 



1100 


55 



9 


it 



300 


78 



14 


i t 



1800 


29 



13 


August 


600 


26 



5 


1 1 



1100 


17 

* " 


24 


it 



2800 


40. 



22 


it 



500 


7 



9 


it 



800 


67 



9 


Soptonibcr 


500 


40 





' _ 

TABLE 

4. 





BAT-POISON APPLICATION, YEAB 

1922—HONOKAA 

SUGAR CO. 

Field 

Date 

Poison 

Date 

Poison 

Date 

Poison 

la 

J une 

17 

Barium- 

Nov. 

7 

Barium- 

Dee. 

20 

Strychnine 




Carbonate 



Carbonate 



Wheat 

5 

May 

22 

it 

< i 

11 

1 1 

< < 

21 

ti 

6 

July 

19 

i i 

t i 

9 

t { 

i t 

21 

i t 

7 

t i 

31 

i i 
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Note: FieUle 28 anti 29 were treated (partially) with strychnine-barley on April 26 
and March 11 reapectively. 



Mongoose 


I believe mongoose could be greatly reduced about houses and camps where 
they destroy poultry, by the adoption of a method which I have tried here with 
the mongoose in captivity. I have repeatedly killed them, without a single fail- 
ure, by giving them dead mice poisoned with from 1 to 2 grains of potassium 
cyanide. I have frequently noticed how quickly, in the field, a mongoose finds 
and eats a dead rat or mouse. In one instance I had placed a quantity of rat 
poison in a certain field and early on the following morning counted 18 dead 
mice close to the poison, in various parts of the field where it was placed. The 
mice were not touched and on the second day were again looked for. The entire 
18 were missing and mongoose excrement, full of hair, was found at a number 
of the poison spots. This same sort of observation has been made many times 
during the past 8 months. These observations led to confined experiments, using 
dead rodents into which a strong poison, such as potassium cyanide, had been 
inserted. I found that mice are be.st for this purpose, since the mongoose usually 
gulps it down dog-fashion, swallowing everything, including head, teeth, claws 
and all. By making a small incision in the abdomen and inserting a piece of ^ 
cyanide the size of a pea, or somewhat less, an ideal bait was made. The mon- 
goose never rejected the bait and always died after eating it. They will readily 
eat a dead mouse if it has not commenced to decay. For those who cared to go to 
the trouble of setting a few traps for mice, treating the freshly-caught mice as 
above described and then placing them in places outside poultry yards, where 
the mongoose have been seen, 1 believe profitable results would follow. In cane 
fields where rats are destructive, the mongoose does more good than harm, both 
in the destruction of rodents and insects. 

I have tried feeding the mongoose with rats and mice which have died from 
eating strychnine-wheat and barium car))onate cakes. The dead rodents are 
readily eaten, but there is no poisoning eflfect on the mongoose. One individual 
was fed 42 mice poisoned and killed with strychnine-wheat or barium carbonate 
cakes and one rat poisoned with barium carbonate, between October 30, 1922, 
and November 22, 1922. It remained healthy and active the entire period and 
completely consumed the rodents whenever they were given. This individual 
was then killed in a few hours’ time by feeding it a mouse containing potassium 
cyanide. Usually the mongoose will not readily eat poisoned beef. 

Any poison procedure for mongoose, if followed as above, would, of course, 
be dangerous to dogs, cats, etc., that might pick up the poisoned, dead rodent, 
while potassium cyanide is a dangerous poison to man, even in small quantities. 

The assertion is frequently made that the mongoose will eat cane. I have 
been unable to induce a mongoose to eat cane, even when nearly starved. I have 
tried cane containing borer-grubs and likewise secured only negative results. 
March, 1923. 



m 


Safety Involved in Use of Pressure Gages* 

Propet Location, Well Arranged Connection Scheme, and Frequent Testing of 
Gages Necessary for Safe Operating Conditions. 


As a part of the high pressure piping system, gages, their use, installation 
and care are of importance from the standpoint of safety as well as the operating 
viewpoint. Although progress has been made in gage manufacture until these 
instruments are quite rugged and extremely reliable, nevertheless there are certain 
points which must be considered which add to their accuracy and therefore to 
the over-all safety of the plant. 

In its report, the Boiler Code Committee of the A. S. M. E. has this to say 
regarding steam pressure gages : “Each boiler shall have a steam gage connected 
to the steam space or to the water column or its steam connection. The steam 
gage shall be connected to a siphon or equivalent device of sufficient capacity to 
keep the gage tube filled with water and so arranged that the gage cannot be 
shut off from the boiler except by a cock placed near the gage and provided 
with a tee or lever handle arranged to be parallel to the pipe in which it is lo- 
cated when the cock is open. Connections to gages shall be of brass, copper or 
bronze composition. 

“Where the use of a long pipe is necessary, an exception may be made to 
the rule that the gage must be arranged so that it cannot be shut off except by a 
cock placed near the gage and a shutoff valve or cock arranged so that it can 
be locked or sealed open may be used near the boiler. Such pipe shall be of 
ample size and arranged so that it may be cleared by blowing out. The dial of 
the steam gage shall be graduated to not less than one and onc-half times the 
maximum allowable working pressure on the boiler. Each boiler shall be pro- 
vided with a pipe valved connection for the exclusive purpose of attach- 

ing a test gage when the boiler is in service, so that the accuracy of the boiler 
steam gage can be ascertained.” 

One method of making the gage connections and which conforms to the 
recommendations just cited is that shown in Fig. 1. In this scheme, as is fre- 
quently the case, provision has been made at the top of the water column for 
the gage connection. The cross A is used and a valve B is placed in the gage line. 
At C is the section of the piping that provides the water seal and prevents the 
steam from coming hi contact with the gage mechanism. Arrangement for a test 
connection is made by placing an angle valve at D. 

Quite frequently it is desired to place a high pressure steam gage on a cen- 
tral board located on the boiler room floor. , This is permissible if done in accord- 
ance with the rules given by the A. S. M. E. Code. 

One such scheme is shown in the left-hand part of Fig/ 1. In this case, the 
valve E must be locked in the open position and it is also necessary to make 
provisipn for blowing out the pip© line. The valve J can be closed, valve E closed 
and plug G removed, which allows the water to drain out. Valve E may then be 
opened and the line blown out. The line may then. Jie. filled with water at F. 

•Power Pli^t Engineering, Vol. XXVII, No. 1. 

% 
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Fig. 1. Gage (yoinicctions Are Important Both for Accuracy aiicl Safety. 


As there is little danger of the connecting pipe clogging np it is not customary to 
blow out such lines except at long intervals. 

It will he noted that the water seal extends up to F and is maintained at 
that level by condensate. As tliis acjds a head to the gage reading, proper account 
must be taken of this in the calibration of gages so located. This can be done by 
setting the gage at zero with the valve E closed. 



Fig. 2. Mechanism of a Typical Bourdon Pressure Gage. 

Even where a gage is used on a panel on the boiler room floor, it is also 
considered good practice to have a gage at the water column. 
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Types of Gages 

For purpose of indicating pressures, three general types of gages are em- 
ployed, the Bourdon t]^, the diaphragm type and the manometer or U tube. 
Gages of the Bourdon and diaphragm types .consist of two essential parts, the 
pressure element and the movement. 

In gages of the Bourdon type, pressure is applied internally to an elastic 
hollow brass or steel tube of oval section, bent into the shape of a circular arc 
and closed at one end. Since the closed end of the tube is free to move, while 
the other end is fixed, fluid pressure on the inside tends to increase the short 
diameter of the section, causing the radius of curvature of the whole tube to be- 
come larger, thus moving the free end a distance proportional to the pressure 
applied. By connecting a suitable multiplying mechanism to the end of the tube 
a spindle or pointer may be moved so as to indicate on a graduated dial the 
pressure in the units desired. 

Generally the multiplying mechanism is made up of one or more levers, a 
toothed segment or sector, a pinion and a hair spring. Adjustment of the ratio 
of movement between the pointer and the end of the tube is made by either a 
slotted sector rim or a connecting link, the length of which may readily be 
changed to suit conditions. Lost motion of the parts is taken up by the hair 
spring attached to the spindle carrying the pointer. 

Owing to pointer vibration due to jarring which occurs in certain classes of 
service, also the rapid fluctuations of pressure sometimes encountered, double- 
spring gages are frequently employed. The pressure tubes in such a gage may con- 
sist of two separate branches or may be continuous ; but in either case, there are 
two free ends, which, when properly connected by a lever mechanism, give a 
greater pointer movement than is obtained with a single spring. 

In the diaphragm gage, the indicating device is actuated by a corrugated 
metal disk or diaphragm, clamped around its edges by the flame of an encircling 
chamber. The deflection of the diaphragm is proportional to be pressure applied 
to its lower side, and its movement is communicated to the pointer by a mechan- 
ism similar to that used in the Bourdon type. 

Bourdon gages can be used for indicating pressures of liquids, steam or 
gases, where the tube does not reach a temperature much in excess of 150 deg. 
F., as above this limit the temper of the tube is likely to be affected. When used 
for steam pressures, therefore, a siphon must always be employed to prevent 
steam coming into contact with the tube, and should be of sufficient capacity 
to fill the gage tube with water. 

Calibrating Pressure Gages 

Gages may be checked for accuracy and calibrated by i^eans either of com- 
parison with a standard gage or the use of a dead-weight testing device, such as 
shown in Fig. 3. This tester consists of a stand’ from which rises a cylinder, 
having accurately fitted into it a piston with an area of 1.5 sq. in. which moves 
freely up and down. Attached to the top of the rotLir a disk for the support 

of the weights,; each weight is marked with the number of pounds pressure per 

% 
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square inch that it will exert on the gage. From the bottom of the cylinder, 
two tubes project; one from a standard for holding the gage to be tested while 
the other, inclined, serves as a reservoir for oil and is fitted with a screw plunger. 



Fig. a. Gages Arc Usually (\‘ilibratcd by Moans of a Dead Weight Tester. 

After the gage under test is attached and the three-way cock placed hori- 
zontally, the reservoir is filled with oil. This is done by turning the plunger in- 
ward to the extreme of its travel and pouring oil into the cylinder until rilled; 
the plunger is then gradually withdrawn and at the same time more oil is added, 
continuing this until the plunger is in its outer position and with the cylinder 
nearly full. 

With the cock under the gage open, the piston is inserted, which with its 
disk will indicate a pressure of about 5 lb. on the gage. The weights, one at a 
time, may now be placed on the disk which should be gently rotated to insure 
perfect freedom of motion to the piston. Each weight added will indicate a 
pressure on the gage equal to the number of pounds marked on it, and if the 
reading of the gage does not correspond to the total number of weights added, 
corrections of readings will have to be made for the error. 

If, in testing a large gage, the piston descends to its full length, screwing in 
the plunger will force it upward, thus allowing the addition of more weight as 
may be required. 


[W.E.S.] 
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Sugar Prices. 


95° Centrifugals for the Period 
December 16, 1922, to March 15, 1923. 



Date 

Per Pound 

Per Ton 

Dec. 

27, 1922 

.. 5.65 

$113.00 

ti 

29 

.. 5.59 

111.80 

Jan. 

4, 1923 

.. 5,53 

110.60 

n 

6 

.. 5.46 

109.20 

t i 

8 

.. 5.40 

108.00 

i < 

9 

.. 5.31 

106.20 

i i 

10 

.. 5.34 

106.80 

i t 

11 

.. 5,37 

107.40 

i i 

16 

.. 5.28 

103.60 

a 

17 

.. 5.225 

104.50 

i t 

18 

.. 5.085 

101.70 

1 1 

23 

.. 5,02 

100.40 

i t 

26 

.. 5.21 

104.20 

i i 

31 

.. 5.26 

l'0.3.2() 

Feb. 

1 

.. 5.37 

107.40 

t ( 


.. 5.53 

110.60 

ti 

5 

.. 5.46 

109.20 

4 4 

6 

.. 5.53 

110,60 

tt 

8 

.. 5.7133 

114.266 

4 i 

9 

5.78 

115.60 

4 4 

15 

.. 6,63 

130.60 

4 4 

19 

.. 6.905 

138.10 

4 4 

20 

.. 6.90 

138.00 

4 4 

21 

.. 7.155 

143.10 

4 4 

23 

.. 7.28 

145.60 

4 4 

26 

.. 7.095 

141.90 


27 

.. 6.65 

133.00 

March 1 

.. 7.41 

148.20 

4t 

2 

.. 7.22 

144.40 

4 4 

8 

.. 7.:n 

146.20 

44 

12 

.. 7.41 

148.20 


Beni arks 

Oubat*. 

Cabas 5.65, Porto Bicos 5.53. 
Cabas. 

Cabas. 

Cabas. 

Porto Bieos 5.28, Cabas 5.34. 
Cabas. 

Cabas 5.40, 5.34. 

Cabas. 

Cabas 5.24, 5.21. 

Cabas 5.15, 5.02. 

Porto Bicos. 

Cabas. 

Porto Bicos 5.24, Cabas 5.28. 

(^ibas 5.40, Porto Bicos 5.34. 
Cabas.' 

Porto Bicos. 

Porto Bicos. 

Porto Bicos 5.65, 5.71, Cabas 5.78, 
Cabas. 

Cabas. 

Porto Bicos 6.90, Cubus 6.91. 

Porto Bicos. 

Porto Bicos 7.03, Cabas 7.28. 
Cabas. 

Cabas 7.16, 7.03. 

Cabas, 

Cabas. 

Cabas. 

Cabas 7.28, 7.34. 

Porto Bicos. 



THE HAWAIIAN 
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Volume XXYII. JULY, 1923 Number 3 

A Quarterly paper devoted to the sugar interests of Hawaii and issued by the 
Experiment Station for circulation among the Plantations of the Hawaiian Sugar 
Planters' Association. 


For several years now the general practice at the Waipio 
Fertilization substation has been to use nitrogen only as a fertilizer. This 
at Waipio is obtained mainly from nitrate of soda, altliough ammonium sul- 
phate and ammonium nitrate are also used. We aim to use 
W'hichever material is cheaper per unit of nitrogen. \Ve carry on several 
.tests at Waipio where phosphoric acid and potash are applied in addition 
to the nitrogen. In the last crop one of our tests gave a small response to phos- 
phoric acid. Acting on this indication we are applying phosphoric acid to our 
young cane. 

We use from 280 to 3.^0 pounds of nitrogen per acre, depending upon, how 
old the cane will be when harvested and upon the needs of the field, etc. Short 
ratoons or short plant get about 280 to 300 pounds per acre ; the long crops 
from 310 to 350. To supply this ampunt of nitrogen requires from 1800 to 2250 
pounds of nitrate of soda or 1350 to 1700 pounds of ammonium sulphate per acre. 

We apply the fir.st dose of fertilizer, 50 pounds of nitrogen, from, say, 
323 pounds of nitrate of soda per acre to plant cane approximately a month after 
planting or when the young cane has from two to three leaves. We apply the 
same amount of fertilizer to ratoons with the first water, say, two or three weeks 
after the field is harvested, as the young shoots begin to show above ground. 

The second dose of fertilizer, twice as much as the first dose, is applied about 
six weeks after the first one. We have no fixed time for this application, 
which depends upon the cane. That is, we watch the cane very closely and, as 
soon as it shows the slightest sign of slower growth or changing color, the 
fertilizer is applied. The idea is to always keep enough available plant food in 
the ground to keep the cane growing without check. 

The third dose of fertilizer is applied in the same way ; the cane is closely 
watched and as soon as it shows signs of slowing up, the fertilizer is put on. 
This is usually about 3 months after the second dose. The third application is 
from 130 to 160 pounds of nitrogen (840 to 1,000 pounds of nitrate of soda). 

The cane is now 5 or 6 months old, and for the shorter crops (up to 18 
months) has received all its fertilizer. This allows the cane plenty of time to 
use op the fertilizer and mature before harvest. 


1 
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In tile ioi^r crops, over 18 months, we add an extra dose of SO pounds 
of nitrogen, if the cane shows the need of it. 

To express Ijfictiy what we are attempting to do at Waipio, will say that 
we watch the cane very elosely and,. as soon as (or before) the cane gets “hungry” 
we give it a.big feed. 

In order to get a quicker indication of a coming check, we have started a 
system of growth measurements at Waipio. We are measuring a number of 
caue stalks in each field each week and plot the growth in curves. We believe 
this will give better and quicker indications of the crop needs than when depend- 
ing on the eye. Ewa Plantation has been making these measurements for a 
number of years and has gotten valuable information. v 

To use this rather large amount of nitrogen, the cane should get regular 
irrigation. We.try to make our rounds in not over 20 days. In the hot summer 
we try to make it every two weeks. We cannot always do that, but we feel that 
any longer intervals of irrigation represent a loss. 

When we say 50 pounds of nitrogen we mean 325 pounds of nitrate of soda. 
To make this point Clear, the following typical examples of fertilization at 
Waipio are giveh for crops of different lengths : 

Interval belweeii 


(a 15 mouths crop) o])eratiou8 

April 25, 11)21~-Previou8 crop harvested. 

May 15, 1921-^Applied 325 lbs. of nitrate of soda 20 days 

July 1,1921— 650 46 ‘‘ 

October 1, 1B21— 800 92 

August 1, 1922 — Harvest 304 


(a 20 months crop) 


Aiigust 15, 1921 — Previous crop harvested. 

Sept. 1, 1921 — Applied 325 lbs. of nitrate of soda.. 15 days 

October 15, 1921— ** 800 ** 44 ‘‘ 

Pfbruary 1, 1922— 800 ‘‘ M 108 

May 1, 1922— 325*'' 88 

May 1, 1923— Harvest * 365 


To use such heavy fertiliaation to advantage, all operations must conform. 
There must be unusual care in connection with all details. 

In the absence of information that any. areas do not require phosphoric acid 
and potash, it is better, of course, to apply fertilizer containing these materials. 

i i 


J. A. V. 
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A Continuous Juice Liming Device. 


By W. R. Mc Allei’. 

Through the courtesy of the Oahu Sugar Company we are able to present 
drawings of an arrangement for continuously liming the mixed juice, designed 
and installed just prior to the present grinding season. 






C 


Tke OakuSugarCo^lid 
nupoiarTM. 
3ufce LimfH^ 2)«vfce 


D 


A in the accompanying cut is a sketch of the whole installation showing 
the mixed juice pump, the pipe for introducing lime milk into the juice on its 
way from the supply tank under the scales to the pump, the sampling line run- 
ning back from the pump discharge, the tank for milk of lime, the pump for cir- 
culating the lime milk, and the device for regulating the quantity of milk of 
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lime, contintiously added to the juice. B, C and D are respectively top, end and 
side views of the latter device. 

The regulating device is installed close to the mixed juice scale so that it 
can be conveniently controlled by the scale man. It consists of two boxes, one 
stationary and the other movable. The stationary box is divided by a partition 
shown in D and E. A pipe leading back to the lime reservoir from one side of 
this partition returns the surplus milk of lime. The sampling pipe discharges 
into the other end of the stationary box. A pipe carries the lime and the juice 
discharged from the sampling pipe from this end of the box into the mixed juice 
pump suction. The movable box is mounted on an arrangement similar in prin- 
ciple to the cross feed of a lathe. The lime milk enters this movable box and 
overflows in a broad stream, the outlet, shown in the drawing. The partition in 
the stationary box divides the stream of milk lime, a part being used in the juice 
and the surjdus returned to the lime supply tank. The amount of l|me used in 
the juice is r^[ulated by changing the position of the movable box. A further 
very close adjustment is made by slightly opening or closing the lower of tlie 
two valves shown in C, thus changing the amount of lime flowing over the outlet 
of the movable box. ' A considerable excess of lime milk above that required 
for the juice is circulated. This keeps it thoroughly mixed and readers a stirring 
device in the supply tank unnecessary. 

The lime is instantly mixed with the juice in the pump and immediately 
after altering the adjustment, the juice running from the sampling pipe, which 
is allowed to run a full stream, shows the exact effect of the change. Waiting 
for a quantity of lime to mix with a tank of juice, and uncertainty as to whether 
or not the mixture is complete, and the sample finally secured representative, is 
entirely avoided. 

The operation of this device has been most satisfactory and decided benefits 
have accrued through its use. As the device is conveniently located, adjustments 
are easily made and there is no delay between making the adjustment and deter- 
mining its full effect, the scale man can keep the juice accurately limed to the 
desired point without difficulty. Though the juice at this factory varies greatly in 
lime requirement, since this installation has been used, the juice has been kept 
very evenly limed. The precaution is taken to notify the scale man of a change 
in cane at the mill. 

This installation was moderate in cost, having been made entirely of material 
on hand. A similar installation could be made in most factories at nominal 
expense other than for the lalwr involved and possibly for a pump to circulate 
the milk of lime. Judging from the much closer control of the clarification 
secured after using this installation at Oahu Sugar Gmipany, similar installa- 
tions at other factories would be most desirable. ^ 

This system of liming raw juice is novel and letters patent have been applied 
for jn the name of Charles J. Fleener, head sugar boiler for Oahu Sugar Co. 
Mr. Ernest W. GteoiC and Mr. W. Richardson, working with Mr. Fleener, con- 
tributed largely to making it a success. 

The Hondulu Iron Works Company, appreoatfng the simplicity and e^i- 
umcy of ‘1;^% io^MOved nudihod of af^ying lime to sogrw juices, have arranged 
fto tied as ag^ts for the owners of the r%ht8, and any mie <^irmg further 
MbxyiaEaii ean ditain it asquiring of the H^oobtltli Iron Works Co. 
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Migration of Aphids. 


Observations on the migration of Aphids have recently been made in Europe, 
which are of interest to us in Hawaii. C. Bonier has shown that species of these 
delicate insects are carried from the German or Dutch coast to the islands of Mem- 
mert and Heligoland, distances of fifteen and thirty-nine miles respectively. These 
insects must be carried out to sea in myriads, as large numbers reached the islands. 

These observations are of interest to us as they demonstrate how easy it is for 
our corn aphid, which carries the Yellow Stripe disease, to scatter over our cane 
fields, and how the elimination of grasses and corn in and around our cane fields 
may greatly reduce the Yellow Stripe but will not entirely eliminate it. 

F. M. 


The National Research Council.* 


By Vernon KEi.i.ooo.t 

The National Research Council is a cooperative organization of scientific men 
of America, including also a representation of men of affairs interested in en- 
gineering and industry and in the fundamental or “pure" .‘’.cicnce on which the 
applied science used in these activities depends. 

The Council was established by the National Academy of Sciences at the re- 
quest of the President of the United States, under the Congressional charter of the 
Academy, to coordinate the research facilities of the country for work on war 
problems involving scientific knowledge and in 1918, by Executive Order, it was 
reorganized as a permanent body. Its essential purpose is to promote scientific 
research and the application and dissemination of scientific knowledge for the bene- 
fit of the national strength and well-being. 

In the character of its organization and support it differs materially from other 
similar, and in some cases identically-named organizations which have been es- 
tablished in recent years in several other countries, notably England, Canada, Aus- 
tralia, Japan, Italy and Czecho-Slovakia. These organizations are all Government- 
supported and to some extent Government-controlled. The American National 
Research Council, although partly supported during the war period by the 
government and primarily devoted at that time to activities of direct assist- 

• This and subsequent articles on this subject are reprinted from circulars distributed 
by Council, 

t Permanent Secretary of the National Besearch Council, and Chairman of its Division 
of Educational Belations. 
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ance to the government, is now entirdy supported from other than govern- 
mental sources, and is entirely controlled by its own representatively selected 
membership and democratically chosen officers. The Council maintains, however, 
a close cooperation with government scientific bureaus and their activities. It en- 
joys the formal recognition and active cooperation of about seventy-five major 
scientific and technical societies of the country, its membership being composed in 
large part of appointed representatives of these societies. 

The Council is composed of a series of major divisions, arranged in two 
groups. One group comprises seven divisions of science and technology repre- 
senting, respectively, physics, mathematics, and astronomy ; chemistiy and chemical 
technology ; biology and agriculture ; the medical sciences ; psychology and an- 
tbrcqpology ; geology and geography ; and engineering. The other group comprises 
six divisions of - general relations, representing foreign relations, government 
relations, state relations, educational relations, research extension, and research 
information. As subordinate or affiliated lesser groups each of these divisions 
comprises a larger or smaller series of committees, each with its special field or 
subject of attention. There are certain other committees, administrative and 
technical, which affiliate ^^irectly with the executive board of the Council. The 
general administrative officers of the Council are a chairman of the executive 
board, three vice-chairmen, a permanent secretary, a treasurer, and a chairman 
of each of the various divisions. All of these, except the permanent secretary 
and the treasurer, are elected annually by the executive board or by the members 
of tha-division. 

The financial support of the Council is dRv^, first, from a gift of five million 
dollars from the Carnegie Corporation of New York, of which a part is to be used 
for the erection of a suitable buildingiln Washington, now in course of construc- 
tion, for the housing of the Council and the National Academy of Sciences, and 
the remainder is to serves a permanent endowment for the Council ; and, second, 
from other gifts from various sources, mostly made for the specific support of 
particular Cmincil undertakings. In this latter way the Council has so far re- 
ceived more than two million dollars, one million of which, given by the Rocke- 
feller Foundation ($750,000) and the General Education Board ($250,000), is 
devoted to the maintenance, through five years, of one series of research fellow- 
ships in physics and chemistry and another in medicine. Both the Rockefeller 
Feundatioh and the General Education Board have made other gifts to the Council 
for the flUf^rt of special scientific projects, while still other gifts have come from 
numerous donors, including philanthropic foundations, industrial concerns and 
''individuals. The funds, about $200,000, for the purchase of the land on which 
the Council and Academy building is being erected, were obtained from more than 
a score of it^lividuals interested in the promotion of the development of science. 

Ute Cou^l mmntains two regular series of publications, one called Bulletins, 
of whidt nineteen numbers have so far been issued ; the other called Reprints and 
Qrculara, of whkh thirty-six numbers have appekred. In addition it has so far 
isstted I?10 .misce}hmeoos publicatipns. The CoundTklso -assists both financially 
a|^ «dftoria% in the publication of the Proceedings of the National Academy 
‘.of. Sdenc^" ^ ■ 'i ■ ! 
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The Council is neither a large operating scientific laboratory nor a repository 
of large funds to be given away to scattered scientific workers or institutions. It 
is rather an organization which, while clearly recognizing the unique value of in- 
dividual work, hopes especially to bring together scattered work and workers and 
to assist in coordinating in some measure scientific attack in America on large 
problems in any and all lines of scientific activity, especially perhaps, on those 
problems which depend for successful solution upon the cooperation of several or 
many workers and laboratories, either within the realms of a single science or rep- 
resenting different realms in which various parts of a particular problem may lie. 
It hopes to bring to bear upon scientific problems the wisdom of numbers — where 
such wisdom is not made unnecessary by the competence of genius. It particularly 
purposes never to duplicate or in the slightest degree to interfere with work al- 
ready under way; to such work it only hopes to offer encouragement where 
needed and support when possible to be given. It hopes to help maintain the 
morale of devoted but isolated investigators and to stimulate renewed effort among 
groups willing but halted by obstacles. It will try constantly to encourage the 
interest of universities and colleges in research and in the training of research 
workers, so that the inspiration and fitting of American youth for scientific work 
may never fall so low as to threaten to interrupt the constantly needed output of 
well-trained and devoted scientific talent in the land. For with any serious inter- 
ruption in the output of American science and scientific workers, the strength of 
the nation will be immediately threatened. 

The methods of contributing practical assistance to American science which 
the Council has so far adopted are various, all of them, however, in harmony with 
the general point of view and policy outlined above. One method is the establish- 
ment of special committees of carefully chosen experts for specific scientific sub- 
jects or problems urgently needing consideration. These special committees plan 
modes of attack and undertake, with the assistance of the general administrative 
officers of the Council, to find men and means for carrying out the plan. Another 
method is that of bringing together industrial concerns interested in the develoj)- 
ment of the scientific basis of their processes and inducing them to support the 
establishment of special investigations under the advice of experts representing the 
Council. Still another. is the stimulation of larger industrial organizations, which 
may be in the situation to maintain their own independent laboratories, to see the 
advantage of contributing to the support of pure science in the universities and 
research institutes for the sake of increasing the scientific knowledge and scien- 
tific personnel upon which future progress in applied science absolutely depends. 
Other methods are the direct maintenance of university research fellowships ; the 
publication of valuable scientific papers for which there is at present no other 
suitable prompt means of issuance ; the preparation of bibliographies and abstracts 
of current scientific literature; the setting up of well-considered mechanisms for 
the collection and distribution of information about current research, university 
and industrial research laboratories and facilities, research personnel, and so 
forth; and the dissemination, through the press and magazines of popular but 
authentic scientific news and information for the sake of increasing the public 
interest in and support of productive scientific work. Still other forms of activi- 
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ties might be listed, but these mentioned no doubt adequately enough illustrate 
the GJuncil’s methods. 

What America needs i# not to give up its individual initiative in science, but 
to add to that initiative means for coordination and organizaton. We need a 
wider recc^ition arid an increased social evaluation of the place of scientific re- 
search in our national life. From these will come a willingness not only to en- 
court^e and to support individual scientific effort, but also to insure a greatly 
augmented productivity of all present research agencies and a much more effec- 
tive coordination of them with regard both to the planning and the executing of 
those broad, inclusive scientific investigations which are required for the solution 
of the problems upon which depend the most effective use of our national re- 
sources, the highest production in our agriculture and industry and the mainten- 
ance and increase of our national health. In a word, we need more, and better, 
and better-coordiriated science for the preservation and development of our 
national strength and well-being. The National Research Council is an organiza- 
tion that hopes to contribute in some degree to the meeting of this need. 


OFP1CEB8 OP THE COUNCIL 

George E. Hale^ Honorary Chairman; Director, Mount Wilson Observatory, Carnegie 
Institution of Washington, Pasadena, Calif. 

John 0. Merriam, Chairman of the Executive Board; President, Carnegie Institution 
of Washington, Washington, D. C. 

Charles D# Walcott, First Vice-Chairman; Secretary of the Smithsonian Institution, 
and President of the National Academy of Sciences, Washington, D. C. 

Gano Dunn, Second Vice-Chairman; President, J. G. White Engineering Corporation, 
43 Exchange Place, New York, N. Y. 

B. A. Millikan, Third Vice-Chairman; Director of the Norman Bridge Laboratory of 
Physics, California Institute of Technology, Pasadena, Calif. 

Vernon Kellogg, Permanent Secretary; National Besearch Council, Washington, D. C. 

F, L. Bansome, Treasurer; Geologist, TJ. S. Geological Survey, and Treasurer of the 
National Academy of Sciences, Washington, D. C. 

Albert L, Barrows, Assistant Secretary, National Besearch Council, Washington, D. C. 

Paul Brockett, Assistant Secretary; Assistant Secretary, National Academy of Sciences, 
Washington, D. C. 

Alfred D. Flinn, Assiiftant Secretary (by reciprocal arrangement with Engineering 
Foundation); Director pf Ihigineering Fdundation, 29 West Thirty-ninth Street, New 
York, N. Y. ' ^ 

. CHAIBMEN OF DIVISIONS 

Division of Foreign Belations— B. A. Milliican» Director of the Norman Bridge Labora- 
tory of Physiea» California Institute of Technology, Pasadena, Calif., and Foreign Secretary 
of the Nali^l Academy of Sciences. 

Diyielcu of ^Federal Belations — Charles D. Walcott, Secretar of the Smithsonian In- 
stitute, ind P|resident of the National Academy of Sciences, Wasifington, D, C. 

Xftyislun States Belations — J. C, Merriam, President of the Carnegie Institution of 
Waslfihgton, Washington, B, O 4 

IHidslon of Educational Belations— Vernon Kellogg, N ation al Besearch Council, Wash- 
IngtoiirB. 0. ^ 

Blylsion of Besearch Extension— W. M. Corse, National Besearch Council, Washing- 
ton, B. Cj, 
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Eesearch Information Servieo— Kobort M. Yerkes, National Research Council, Wash- 
ington, D. C. 

Division of Physical Sciences — William Duane, Professor of Bio-Physies, Harvard 
University, Cambridge, Mass. 

Division of Engineering— Alfred D. Plinn, Director of Engineering Foundation, New 
York, N. Y. 

Division of Chemistry and Chemical Technology— E. W. Washburn, Professor of 
Ceramic Chemistry and Head of Department of Ceramic Engineering, University of 
Illinois, Urbai^a, 111. 

Division of Geology and Geography — N. M. Fenneman, Professor of Geology and 
Geography, University of Cincinnati, Cincinnati, O. 

Division of Medical Sciences — F. P. Gay, Professor of Pathology, University of Cali- 
fornia, Berkeley, Calif. 

Division of Biology and Agriculture -F. R. Lillie, Professor of Embryology, University 
of Chicago, Chic's go. 111. 

Division of Anthropology and Psychology — Raymond Dodge, Professor of Psychology, 
Wesleyan University, Middletown, Conn. 


The Research Information Service of the National 
Research Council. 


WiiAT IS THE Research Information Service? 

The Research Information Service is a clearinf? house for scientific informa- 
tion ; a central switchboard which connects you with the persons or materials in 
which you are interested; a liason service between you and the informational 
store-houses of this and other countries. 

Our country is full of good sources of information. In the east and west, 
north and south, there are libraries, informational bureaus, associations, industrial 
concerns and individuals who have compiled valuable data for research workers. 
The United States Government itself has a great amount of useful information in 
its scientific departments in Washingfton. 

The difficulty in obtaining scientific information is not lack of sources, but 
lack of infortnation about sources. 

The Research Information Service Specializes In Sources 

The aim of the Service is to furnish useful information about scientific meth- 
ods and results, and their practical applications in engineering, industry and edu- 
cation. In the furtherance of this aim it has carefully designed and constructed 
informational apparatus whose value will steadily increase with use. The develop- 
ment of these informational mechanisms and their operation are in charge of a 
technical staff. This assures intelligent interpretation of requests and skillful 
search for the information desired. 
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Informational Mechanisms 

1*0 meet specific needs research data 'the Service has developed essential 
a{q>anttu$ and clearing-house devices. Some important parts of this machinery are 
listed below : ' . 

Research facilities : Funds ; Apparatus ; Laboratories. 

Bibliograpky of bibliographies: Published; Unpublished. 

Biographical Records : Scientists ; Technologists. 

Topical references: Problems ; Projects ; Methods; Processes; Results. 

Photostatic reproductions: Rare reports; Unpublished data. 

What Does Information Cost? 

No charge is made for replies to inquiries which do not necessitate a special 
search for information. 

Requests for data which can be secured only by expending considerable time 
are acknowledged with an estimate of the necessary cost of assembling what is 
desired. The Service then awaits instructions. 

Kinds of Information 

Who? — ^Who knows . . . who has undertaken . . . who can find out . . . 
who is qualified . . .- who is available . . . who has the facilities? 


Personnel files : Bibliographic records of American investigators are carefully 
catalogued. Their specialties are minutely indexed for purposes of classification. 
A mechanical system is used for selecting names of investigators who have speci- 
fied research qualifications. Answering requests about current activities is thus 
simplified. 

The Service has innumerable contacts with investigators, their laboratories, 
interests and present work. 

How? 


How may an investigator proceed with a research problem; how may he 
obtain apparatus, or other equipment ; how may he apply for supporting funds ; 
how may he find out about methods, processes and technique? 

Catedpgue and index of apparatus and supplies : A large collection of scientific 
instrument and supply catalogues, and lists has been assembled and indexed for 
ready refei^ce. This constitutes an excellent, source of information about types, 
availabiUty and prices of equipment for research. 


File of teseflfch funds : M«ials, prizes,' grants, fellOWshils and scholarships 
for jllK‘encom'5®ement or support of reswrch are lii^ in tHe Information Ser- 
vioe. Is thore a batter place to seek knowledge of funds for research ? 

„ Whatf ■ , 


, / reieafck prpg^ress ; -wtat' i? projectc 

(v'bfelibgi^iea.aife available?: 
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Central reference file : R€ferences to information about all kinds of scientific 
problems, methods, and results are systematically made. A classification skeleton 
has been adopted which can be expanded to provide, if necessary, for several mil- 
lions of reference topics. 

Surveys of bibliographies : Bibliographies on numerous scientific and technical 
subjects have been listed. For several of the natural sciences lists of published 
and of unpublished bibliographies are being compiled by competent persons either 
for use in the files of the Re.search Information Service, for publication, or both. 

Indexes and abstract journals'. Abstracts and indexes of publications are at 
hand for use as sources of information about reports of research. 

Resources of Libraries : Library facilities and equipment in every part of the 
country are known. They often are cited to isolated investigators. 

Publication of Compilations : When compilations of information are such as to 
be widely useful they are published either in the Bulletin or the Reprint and 
Circular Series of the National Research Council. 

Where? 

Where is a certain kind of laboratory; where may specific problems be sub- 
mitted for solution; where may supporting funds be obtained; where, can an 
obscure journal or periodical be found ; where are the people who are interested in 
given problems? 

File of industrial laboratories : As a directory to sources of research work this 
compilation has proved particularly useful. It gives pertinent information about 
laboratories and special facilities for research. 

List of serials and periodicals: Information about thousands of serials located 
in Washington libraries has been assembled. With such a working list the staff 
can quickly turn to the proper library .sources for desired literature. 

At Your Service 

The technical staff can call upon members of the Research Council for advice 
or assistance. Representative as it is of sixty-six of the major scientific and en- 
gineering societies of the country, the Council, through its various divisions and 
committees, has wide and important contacts. It is in touch with research activi- 
ties in educational, industrial and governmental institutions and with current work 
and projects in mathematics, physics, astronomy, chemistry, geology, geography, 
zoology, botany, physiology, psychology, anthropology, agriculture, medicine and 
engineering. 

This cooperative aid is at the service of those interested in the advancement of 
science and technology. 
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TYPICAL EBQTnBlSTS 

' (Requests should be clear and specific.) 

h Wli^ra may oelic, linolic, and certain other acids* be procured? 

2. Information as to occurrence of boron in plants and animals. 

3. Names of ferns that can furnish calcium silicate. 

4. The solubility and toxicity of para-dichloro-benzene. 

5. Eeferenee to studies of acquired resistance to tuberculosis, diphtheria, and inherit- 
ance of resistance. 

6. Status of knowledge on biological effects of use and disuse. 

7. Where may colored slides representing types of edible and non-edible mushrooms be 
obtained! 

8. Mortality rates of Prench Canadians in this country and in Canada. 

9. What is known about the chemical composition of the gastric crypts of the stomach 
mucosa! 

10. How may growth of yeast be stimulated! 

11* Studies on the gastro-intestinal tract of the turtle. 

12. Brashear formula for silvering glass. 

13. Information on the manufacture and testing of writing ink. 

14. Where may powdered shellac be purchased! 

15. Beference to investigations on methods of making peat fuel. 

16. Information about smoke prevention. 

17. Verification of the following reference; Banke, J. Tetanus — ^Eine physiologische 
Studie. Leipsic. 1865. 

18. Desired: a photostat copy of a certain scientific article. 

19. Bibliography: Waterproofing of cement and concrete. 

20. Bibliography on '^Absorption spectra of inorganic compounds.^' 

21. Where may Braun tube for A. C. work be obtained! 

22. Desired: plans of buildings constructed by universities for departments of science. 

23. Where may Nerlist Lamp glowers be obtained! 

24. Desired: name of firm for quartz blowing. " 

25. Information about instrument devised to measure ductility of pasty materials such 
as grease or dough. 

26. Names of specialists studying the control of cotton boll weevil and other insect 
enemies of cotton plant. 

. 27. A list of the deans of engineering schools. 

28, List of psychologists concerned with psychology of music. 

29, List of suitable candidates for assistant professorship of biology. 

30. List of the outstanding Women in science from* 1850 on. 

31. Becent books on the ^aracteristics and distribution of the races of Europe* 

32: Where mgy Army Mental, Tests be obtained! 

33. The Negro in science, invention, education, art and literature. 

34. A list of the industrial organizations interested in the use of psychological tests. 

35. Bibliography on latent' effects of mustard gas poisoning. 

36. Assistance in seedling Stenquist test of mechanical ability. 
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Special Announcement to American Chemists and 

Engineers. 


You Are Invited to Use Research Information Service of the 
National Research Council. 

RESOURCES 

STAFF OF SPECIALISTS 

Chemistry and chemical engineering are well represented on the technical staff 
of the Research Information Service. The following at present are resident mem- 
bers of the staff of the National Research Council and available for assistance to 
the Information Service: 

E. W. Washburn, Chairman, Division of Chemistry and Chemical Technology. 

Clarence J. West, Secretary, Division of Chemistry and Chemical Technology. 

H. F. Whittaker, Scientific Associate, Research Information Service. 

PERSONNEL PILES 

Essential information about research chemists and chemical engineers in the 
United States is found in the personnel catalogue of the Information Service. This 
file has been translated into mechanical form so that information about persons 
may be obtained quickly by a process of mechanical sorting. By this method de- 
sired information may be readily obtained about persons eligible for certain tasks 
or appointments, or about research facilities, scientific resources, prevailing inter- 
ests, and current work. 

BIBLIOGRAPHIES IN CHEMISTRY AND ENGINEERING 

The Service is developing a catalogue of published and unpublished bibliogra- 
phies in chemistry and chemical engineering. You are welcome to any biblio- 
graphical information we have. If we do not have what you need, we shall gladly 
try to locate it for you. For the promotion of research interests, we earnestly 
solicit from all investigators reports which will make our bibliographic records 
more complete. 

SCIENTIFIC APPARATUS AND BESEARCJH CHEMICALS 

A file now containing more than 500 catalogues of manufacturers and dealers 
in scientific instruments is maintained. Information about .sources, availability and 
loan of apparatus and equipment is thus accessible. A compilation showing the 
manufacturers of research chemicals has also been made for use especially in refer- 
ring to the rarer products. 

RESEARCH SUBSIDIES 

The Service maintains current information about available fellowships, schol- 
arships, grants, prizes, and funds used for encouraging scientific research in the 
United States. 
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OUBBENT WOBK 

Tile Service has numerous and important contacts with investigators, labora- 
tories and other research interests. Non-confidential data about research in 
progress will be supplied on request. If you wish *to have contacts with investiga- 
tors working on problems similar or related to yours, we shall be glad to give you 
every aid possible. 

COST . 

No charge is made for replies to inquiries which do not necessitate special 
search for information or special expenditure for preparation of our report. In 
other cases requests are acknowledged with an estimate of the necessary cost of 
assembling what is desired. The Service then awaits instructions. Nominal 
charges are made for time involved in special searches and for photostats of rare 
reports. 

SAMPLE BEQUESTS 

1. Personnel. 3255 (November 17, 1922): A list of women who have received a Ph.D. 
degree in organic chemistry. 

2. Bibliography. , 1196 (October 10, 1921) : Literature references dealing with high 

temperature experiments with carbon loading to its crystallization for the production of 
artifleial diamonds. ' 

3. Design* 2839 (July 31, 1922): Design of automatic thermostatic regulator for auto- 
mobile radiator and recommendation of liquid to be used in it. 

4. Apparatus. 155 (December 11, 1920): Where may a special type of spectrometer be 
obtained? (Above apparatus was described in a technical pa|)er.) 3060 (October 11, 
1922): What companies manufacture or sell hydrometers for determination of the specific 
gravity of liquids ranging between 2.00 and 3.33? 

5. Process. 3138 (October 28, 1922): Bequest for information on the commercial 
dehydration of fruits and vegetables. 

BEPETITION OF BEQUESTS 

Correspondents occasionally apologize for the frequent use they make of the 
Service. This attitude is the result of incomplete understanding of the purpose 
of our organization. The Research Information Service is maintained to promote 
science and its applications. The extent to which the investment is justified is 
measured by the use that is made of it. The more it is used, tht more valuable 
it can become. 


Special Announcement to American Biologists 

Cmcermng ihe Raegrch Information Service of the National Research Council. 

RESOURCES 

# 

STAFF OP SPECIALISTS , * 

Bkflogy is well {presented on the technical staff of the Research.Jnformation 
Serviice. A Scientific Associate, serving jointly as Executive Secretary of the 
Kyiskw of Bkdogy and Agriculture, and a Techn i^ Assistant are immediately 
Service dso has for consuliatiou the tnemb^ship of the Divtsiqn 
and Agric^ and ffte of tMlwa: divisions of the Council 
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BIBLIOGEAPHIES 

In catalogues of manuscript bibliographies the Service has important refer- 
ences to unpublished compilations on biological subjects which supplement im- 
portantly existing abstracts and indexes. These unpublished sources are useful 
where recent information is desired. Bibliographic records are in charge of an 
experienced librarian and classification specialist who coordinates the various re- 
sources of the Council for effective response to each inquiry. 

LTBEARY DISTRIBUTION OF PERIODICALS 

Compilations have been made of union and special library lists for use in ad- 
vising investigators where particular periodicals may be obtained. Information 
can be furnished about the availability of serial publications in the principal do- 
mestic libraries. 

PERSONNEL FILES 

Valuable information about investigators in the biological sciences is available 
in the personnel catalogue of the Research Information Service. This alphabeti- 
cal catalogue is supplemented by a mechanical file which will shortly be in opera- 
tion for investigators in plant and animal biology and agriculture. With this 
organization of personnel information the Service can refer to persons qualified 
for stated needs as indicated by research facilities, scientific resources, prevailing 
interests, current work, etc. The personnel mechanism related to the records of 
])sychologists has been described in Bulletin No. 22 of the National Research 
Council. 

RESEARCH SUBSIDIES 

The Service maintains current information about available fellowships, scholar- 
ships, grants, prizes, and funds used for encouraging scientific research in the 
United States. The maintenance of this information is greatly facilitated by wide 
and varied contacts with investigators and research agencies. 

SCIENTIFIC APPARATUS AND RESEARCH CHEMICALS 

A file now containing more than 500 catalogues of manufacturers and dealers 
in scientific instruments is maintained. Information about sources, availability, 
and loan of apparatus and equipment is thus available. A compilation showing 
the accessibility of research chemicals has also been made for use especially in 
referring to manufacturers of the rarer products. 

SAMPLE REQUESTS 

1. Bibliography; Existing bibliographies on the subject of plant growth in relation to 
climate with particular reference to feorn and sunflowers in relation to sunshine, precipita- 
tion, evaporation, temperature, etc. 

2 * Personnel; (1) A list of young zoologists interested in embryology and invertebrate 
morphology. (2) The percentage of women engaged in botanical research. 

3. Funds; A grant of two hundred dollars to purchase apochromatic optical equipment 
for the study of chromosom-e dimensions. 

4. Equipment; A motion picture film on Mitosis.^' 

COPIES OF ORIGINAL SOURCES 

With photostatic equipment the Service can furnish copies of rare reports or 
publications which are available in the numerous libraries of the District of Co- 
lumbia. Such copies are furnished at twenty-five cents per sheet. 
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COST 

No charge is made for replies to inquiries which do not necessitate special 
search or expenditure. {Requests which demand considerable expenditure are ack- 
nowledged with an estimate of the necessary cost. The Service then awaits 
instructions. 

It often happens that expensive information has previously been compiled. 
Multiplication of requests, therefore, tends towards increased economy in the Ser- 
vice. Appeal for assistance in the interest of science and technology as often as 
needed is earnestly invited. * 


Cultivation Experiments in the Hilo District. 


By J. a. Verrett 

Hilo Sugar Co., Exp. 14, Hilling. 

Hruo Sugar Co.. Exp. 15, Surface Hilling. 

Hilo Sug.'^R Co., Exp. 16, Off-Barring. 

In this series of tests, various cultivation practices were compared. These in- 
cluded off-barring, hilling and plowing. Three crops have now been harvested 
during a period of six years. 

The experiments were located in field 22, Hilo Sugar Co., at an elevation of 
five or six hundred feet. The cane was Yellow Caledonia, second, third and 
fourth ratoons. ‘ ' 

Fertilization was uniform to all plots jujd according to plantation practice. 
There were nine to ten repetitions of ea^lr^tment. 

The results from three crops show th^jpfebarring lowered the yield of sugar. 
Hilling produced the same results. Surface cultivation produced more sugai* than 
where plows were used. 

These results indicate that weed control should be accomplished with the least 
possible disturbance to the root system of the growing cane. If the soil condi- 
tions are s||[^that it is necessary to use plows, this should be done as early as 
possible beioW tI^|faot sy^tan of the young ratoons has become established. Even 
then, one nmstjl^w t^t there is some check, as, until the new shoots have 
root ^st^^’ql IWr ou^n, they feed to some extent through the old root system by 
way of dSe^ stumps. 

Ill eaisds where the soil packs very hkrd it may be necessary to off-bar in 
ordi^ have loose soil for surface cultivation later, in weed control. Otherwise, 

, #htild have to plow in the weeds. We believe it is br ttA to off-bar early than 
** to have tp pbw close to the cane later. . ' ^ 

The cultivation of young cane can be expressed in a haw way as follows: 

Conttol weeds in tte most efficient way with the least possible disturbance to 
the foot system:^ the growing cane. No pne systdircKn he4:he best all the time. 
'^,method84q Use will .vary with the time of year, tjhe amPunt and cost of labor, 
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Hiljo Cultivation Experiments 

Exp. 14 Hilling - An Average Of 1919, 1921 ie 1923 Crops 
ExrIS Surface Cultinmtion-An Average Of 1919 8(1923 Crops 
Exp 16 OffbArinc-An Average Of t9i9, 192t tc 1923 crops 
Field 22 





EXPERIMENT 14— HILLING 

This test comprised a total of twenty plots, each one-tenth of an acre in size 
and consisting of six lines. The two outside lines of each plot were discarded 
at harvest and the four middle lines only used as experimental cane. Every other 
plot was hilled, the alternate ones were not. In all other respects all plots received 
identical treatments. 

The results obtained from three crops are summarized as follows: 


Tons of Cane per Acre. Average 

1919 1921 1923 Average Tons Sugar 

Treatment. Crop. Crop. Crop Q. B. per Acre. . 

Not hilled 60.9 68.4 51.2 7.75 7.77 

Hilled 57.0 66.8 51.9 7.88 7.44 


In the following table are given the maximum and minimum plot, yields of 
cane for each series of plots for each crop. 


Tons of Cane per Acre. 

Treatment. 1919 Crop, 1921 Crop. 1923 Crop. 

. Max. Min. Max. Min. Max. Min. 

Not hilled 86.9 55.4 77.2 64.0 58.9 45.6 

Hilled . 65.2 51.2 77.3 56.2 55.8 45.2 
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From the above table we see that in two out of three crops the maximum yield 
was obtained from the not-hilled plots, ^hile in two crops out of three the lowest 
yields were from hilled plots. 


Details of Experiment 


Object: 

To compare hilling with no hilling, 

Z.ocatloii: 

Hilo Sugar Company, Field 22, along Hilo side of Amauulu macadam road. 


Crop: 

Yellow Caloilonia, fourth ratoons. 

liayout: 

Number oF plots, 20. Size of plots, 1/10 acre each, consisting of 6 lines, each .'i,.'!’ 
wide by 137' long. Lines 1 and 0 of each plot are guard lines. 

Tlaa: ' 

A plots (odd) not hilled up, otherwise regular, cultivation practice. 

X plots (even) hilled. 

Fertilization — Uniform by the plantation. 

Experiment planned in 1917 by L. T). Larsen. 

Experiment laid out in 1917 by W. P. Alexander. 


EXPERIMENT 1.'5— OFF-BARRING, HILLING. ETC., VS. SURFACE 
. IMPLEMENTS AND HOES ONLY. 

This test comprised eighteen plots, nine for each treatment. Eaclv plot was 
one-tenth acre, consisting of six lines. In figuring' the results, the four middle 
lines only were used, the two outside ones being discarded. The fertilization was 
\iniform to all pbts and followed plantation practice. 

Owing to mistakes in cultivation, due to over-running of plots in plowing, 
liis area was not harvested as an experiment in 1921. 

The results obtained from two crops are given as follows : 



Tone Cane per Acre. 


* Average 

Tieatment. , 

1919 

1923 

Average 

Tons Huger 


Crop. 

Crop. 

Q. B. 

per Acre. 

Not off*barre^ or hilled, etc... 

... 56:2 

55.4 

7.99 

6.98 

and hilled, etc. . . * . 

. . . 56.6 

51.7 

8.02 

6.70 


The maximum and minimum plot yields for the difre^nt treatments were as 
follows} 


Trmimeat. 

Net e#bfmd vr hiUe^^ etc. 

htUed, etc 


.Tom of Uane per Acre. 
1919 Cron. ^ 1988 Orop, 


Max, 


Max. 

Min. 

69.9 

49*8 ' 

68.5 

50.1 

60.9 

48.4 

68.0 , 

40,0 



Tons Came Per Acre I Tons Cane Per Acre I Tons CAne Per Acre 
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HILO CULTIVATION EXPERIMENTS 
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Details Qf Expermmt 

CijLTiVAtiow Experiment — Regular Plantation Practice vs. Cultivation 

FcMt Weed Control Only. 


ObjMt: 

To ^etermiiie the value of ordinary cultivation, including off-barring, small plowing 
and hilHng, against cultivation for 'weed control only. 

jCiOcatloin: 

Hilo Sugar Go. Field 22, on the Hilo side of the Amauulu macadam road* 

Oroj»: 

. Yellow Caledonia, fourth ratoons. 

ZiSQNMit: 

Number of plots, 18; area of plots, 1/10 acre. Kach plot consists of 6 lines 5.3' 
wide i^nd 13 T*' long. Lines 1 and 6 of each plot to be used as guard lines. 
Plan: < 

. C plots (Odd) after palipali ing, no off-barring, plowing nor hilling; weeds controlled 
‘ by hoeing and light cultivation, 

X plots (even) have ordinary plantation cultivation, including off-barring, hilling, etc. 
Fertilization — ^Uniform by the plantation. 

Experiment planned in 1917 by L. D. Larsen, 

Experiment laid out in 1917 by W. P. Alexander. 


EXPERIMENT 16-^OFF-BARRING. 





This test consisted of eighteen plots, each one-tentffljMpPinposed of six 
lines each. The two outside lines of each plot were JB^^ows and not har- 
vested as part of the experiment. 

Nine plots were off-barred and ninfi.-fldtfehating plots were not. All other 
work and the fertilization were identical to all plots* 

As in the two experiments just reporttki', we find that the more plowing, 
the less sugar. 

The residjUjiD^taittod from three crops follow ; 


" 9 ^ 

Treating. , 


Olt-^baned 


Tons of €ane per Acre, 


Average 

, .1819 
! Crop 

1921 

1623 

Average 

Tons Sugar 

Crop 

Crop 

Q. B. 

per Acre. 

.'... 59.4 

62.0 

53.0 

8.04 

7*23 

.r... 57.1 

60.7 

49.3 

8.28 

,6*73 


The i^inntm and minimum yields obtained from the differeht plots for 
the three, crQ^ were as follows:. 

Tons at Cane |er iJtta. 

Treatineat. 1819 Crop. • mi Cto#. # 1928 Crop. 

• . Max. Mki. Max. Min. Max. ^ Min. 

"85.1 88,i 82.1 e».» *3.4 

. ms , 82JL esj • 81.8 58.8 36.8 

' ' ' ? ' ' , ' •e— 

\ Itt ,^*1 alt three crops; thp highest yieWa iVere froto plots which 
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A rather interesting thing in regard to these experiments is the fact that 
in all three of them the plots which had the least plowing had the better juices. 
We do not know why this should be unless it is due to the fact that in plow- 
ing, the cane roots were cut, thereby causing the plants to put out new root 
systems, and that these, being young, kept the cane greener than was the 
case where the original root system was not cut. 


Details of Experiment 


Object: 

To determine the value of off-barring and subsoiling ratoons. 


Iiocatlon: 

HHo Sugar Co. Field 22, on field path off Amauulu road. 


Crop: 

Yellow Caledonia, fourth ratoons. 


liayout: 

Number of plots, 18; area of plots, 1/10 acre, consisting of 6 lines each 5.3' wide 
and 137' long. 

Plan: 

B plots (odd) not off-barred and subsoiled after palipali-ing; otherwise regular plan- 
tation practice of hilling, etc. 

X plots (even) regular plantation practice, including off-barring, subsoiling, hill- 
ing, etc. 

Fertilization — Uniform by the plantation. 

Experiment planned in 1917 by L. U. Larsen. 

Experiment laid out in 1917 by W. P. Alexander. 


The Effect of Fertilizers Cont2dning Borax Upon the 
Growth of Sugar Cane. 


By G. R. Stewart 

Previous to the late war, compounds of the element Boron, of which boric acid 
and borax are the best known, had received very little attention in practical agri- 
culture. It had been known for many years that at least traces of Boron were 
contained in most soils and that numerous plants absorbed minute quantities of 
this element Boron had been found in a variety of fruits such as apples, pears, 
cherries, raspberries, figs, and in grapes and hops. Owing to its occurrence in the 
two latter products, traces of Boron have been frequently reported in wines and 
beers. 

These early studies included much work on the effect of compounds of Boron 
upon cultivated plants grown in water cultures. A number of investigators re- 
ported some stimulating effect from very small concentrations of borax or boric 
acid. Stimulation has been commonly rq)orted from minute quantities of man- 
ganese Gompotmds, but many investigators are inclined to class managnese as an 



e^soent in the growth of plants. Laiger amounts of borax were found 
to be mtably toxic to practically all cultivate plants. These early experiments 
oni Boron are excdlentjy summarired by Bremditey (2). 

• When potash supplies Ifom Germany werexut off by the war, all other sources 
of this plant food were developed. One of these emergency sources was potash 
nitrate obtained from the mother liquors of commercial sodium nitrate in Chile, 
and another was from the brines of Searles Lake. The potash from both these 
regions at times contained appreciable quantities of borax. 

Owing to the widespread occurrence of borates in soil and plants it was not 
believed that the presence of this mineral in fertilizers would have any harmful 
effects. Cook (4) of the U.S. Department of Agriculture had previously used 
borax as a larvacide to prevent flies in manure. He applied this borax-treated 
manure to a variety of crops, adding amounts of borax in this way equivalent to 
30.8 pounds, 46;2 pounds and 77 pounds of boric acid per acre. The effect varied 
with the crop to which the manure was applied, but in general it was con- 
cluded that the smallest applications of borax were safe for most crops. 

Conner (3) of Indiana first reported serious borax injury to field crops from 
tlie application of fertilizers containing borax. He found definite injury to corn 
from as little as two popnds of borax per acre. The fertilizer conitaining this 
borax was applied in the seed drill so that the borax had an excellent opportunity 
to come into close contact with the young seedlings. 

About this time reports reached the U.S. Department of Agricuture that ex- 
tensive injury had occurred on many hundreds of acres of potatoes in Maine, and 
upon cotton, corn and tobacco crops in the South. This injp^ was traced to fer- 
tilizers that contained borates. Later experiments by M^6.* .(6) in Maine, Jen- 
kins (5 )m Connecticut, Blair (1) and Brown in New Jersey, Neller (7) in Ver- 
mont, and Plummer (8) and Wolf in North Carolina all showed that borax was 
harmful to a great variety of crops, even in amounts as small as five pounds of 
borax per acre. ' As a result of this extensive experimental work, it was decided 
by the U.S. Bureau of Soils that two pounds of borax per acre was as much as 
could be applied to most field crops with any degree of safety. - ^ 

Here in the Hawaiian Islands some interest arose in this problem, owing to 
the fact thaj;,j«|||||^h ^ nitrate, obtained from the mother .liquors of the sodium 
nitrate industry ^as being imported. Certain lots of this potash nitrate contained 
tracer of borax, while shipments were occasionally offered to the dealers at a con- 
siderably reduced rate when ^preciable percentages of borax were pre^t. Since 
sui^ notable harm occurred upcm most field crops on the mainland when, treated 
with fertiKzers containing borax, it was very, desirable to Icnow the -effect of 
borates upon' sugar cane. It >vas quite possible that evim minute traces might be 
harmful, :^ould the cane plant be .shown to stand borax in appreciable amounts, 
there the possithhty tlmt a saving might be effected fy purchasii^ potash 
nitrate which* untamed borax. ' * ' 

iniii^mairy experiment as to the effect of borax upon cane was Conducted by 
R, Alien at the Waipk) std>statioh of this Esqienment Station. The variety of 
(^de used was. iis09. Sit^ stools w^e grown i n auudi aty tuba holding 33 

was a^ii^. amounts to 10, 30, 60, 120, 240 
Alter; powth no 
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definite injury was noticeable upon any of the tubs, so the applications upon the 
10- and 30-pound treatments were increased to 2,640 pounds and 5,280 |x>unds of 
anhydrous borax per acre. After another month the cane in the tubs receiving 
these heavy applications showed a distinct evidence of leaf-spot and burning from 
the borax. Some slight sigfns of injury were also noted upon the 580-poun(l 
treatment tubs. 

This experiment in small wooden tubs suffered from several difficulties. It 
was hard to keep the tubs at a uniform moisture content as the soil dried out 
lapidly around the edges and shrank away from the side of the container. 1'he 
irrigating water then ran over the outside of the block of soil without wetting 
the center of the pot. It was consequently hard to keep even the untreated plants 
in perfectly thrifty growing condition. The volume of .soil contained in the 
tubs was also so small that shortly after the first signs of injury appeared it was 
evident that all the plants were rootbound and suffering for lack of .space. After 
this point it was difficult to estimate the injury due to borax and that due to 
crowding the roots. It was also impossible to tell how much of the borax was 
leached out of the soil by the heavy watering which became necessary to try and 
moisten the soil completely. 

A later experiment has therefore been conducted by the writer. This was in- 
tended as a preliminary study to be followed later by more detailed work. It was 
desirable to find, first, something as to the limits of tolerrnce of cane for borates 
and also to obtain some exact information as to the retention of borates in the 
soil. 

In this study the cane was grown in large concrete pots two feet wide, two feel 
deep and two feet high, holding approximately 540 pounds of soil. Previous work 
with containers of this type had shown that fairly normal cane could be grown in 
them to an age of four to six months. H109 cane was used. Three-eye cuttings, 
with two eyes pinched out, were started in small nursery boxes and grown until 
about three weeks of age. Plants of uniform size were then selected and planted in 
the concrete boxes. About a week after these single eye stools were set out they 
were well established. They were then fertilized with a uniform application of 
nitrate of soda at the rate of 1,000 pounds per acre. Borax was added in seven 
amounts to equal 50 pounds, 250 pounds, 500 pounds, 1,000 pounds, 2,000 
pounds, 4,000 pounds and 8,000 pounds of anhydrous borax per acre. 

At the end of the first month’s growth the containers receiving 4,000 and 
8,000 pounds of borax per acre began to show visible signs of injury. This be- 
came more acute as time went on and these stools of cane were noticeably stunted 
but not entirely killed. There were some slight signs of injury to the leaves of the 
cane receivitig borax at the rate of 1,000 and 2,000 pounds per acre, but no visible 
evidences of harm appeared on the cane receiving the smaller treatments. 

The containets were all irrigated with sufficient frequency to keep the soil 
close to the optimum moisture content. All surplus drainage water was caught in 
large bottles and periodically analyzed for borax. For the first four months of 
the cane’s growth no borax was leached out of any of the containers. The crop 
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A deleterious effeet of borax on sugar cane growf^h is not plainly evident to the eye, except in applications of 4,000 pounds 
or more to the acre. The cane weights shown elsewhere would indicate that smaller quantities are injurious, although there is a 
possibility that very small applications act :-s a stimulant to cane growth. 
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was harvested at nine months of age. By that time the amounts shown in the 
following table had been leached out : 




Borax 

Amounts Bemoved 



Leached Out 

Calculated to 

Borax Applied per Acre. 

of Soil, Grams. 

Acre Basis, Lbs. 

1— Blank 




f^one 

2— 50 

PoundH 


Trace 

250 

t ( 


Trace 

4— 500 

i i 

9.35 

8.8 

5—1,000 

it 

1.77 

44.9 

6—2,000 

1 1 

5.78 

146.7 

7^,000 

t i 


420.4 

8—8,000 

t < 

48.23 

1224.0 

will be seen 

that by far the largest part of the borax has been retained 


the soil. With the heaviest treatment, slightly over 15 per cent of the borax 
applied has been leached out. 

The harvesting results are given in the following table. As it is a preliminary 
experiment without duplicates, no close deductions should be drawn from small 
differences in yield. It is believed, we may safely state, that the cane plant is 
not particularly sensitive to borates as all the lower treatments have pro<luced 
practically as good crops as the untreated blank. The smallest treatment at the 
fate of 50 pounds per acre may even show some evidence of stimulation. Here, 
again, definite conclusions will be reserved until further work has been carried 
out with the necessary duplication of treatments. 


HABVESTING RESULTS 


Treatment 

Weight of 

Weight of 

Total 

Lbs. Borax 

Cane. 

Tops. 

Weight 

per Acre. 

Pounds, 

Pounds. 

Pounds. 

Blank 

7.0 

4.0 

11.0 

50 

10.0 

4.5 

14.50 

250 

6.5 

3.75 

10.25 

500 

6.5 

3.50 

10.00 

1000 

6.0 

2.50 

8.50 

2000 

7.5 

3.50 

11.00 

4000 

2.5 

1.75 

4.25 

8000 

1.0 

.50 

1.50 


The results so far obtained confirm those of Allen, in showing that small 
amounts of borax are not appreciably harmful to the cane plant. The large pro- 
jXJrtion of this salt retained in the soil would warrant considerable caution in 
applying fertilizers with borax continuously to cane land.’ Further work is planned 
to learn more about the effect of continuous applications .of fertilizers containing 
small amounts of borax. 

The accompanying illustrations show the type of growth obtained with some 
of the typical treitments. The photographs were taken just before the cane was 
harvested. . 
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Experiments at Lihue Plantation Co. 


^ By J. A. Verret. 

Exp. 1, Phosphoric Acid, 1921 and 1923 Crops. 

Exp. 2, Phosphoric A.cio and Potash, 1921 and 1923 Crops, 
Exp. 3, jPoRMs of NitWioen. . 


Two crops have now been harvested from this series of experiments, one plant 
and one ratoon. The cane is Ydlow Caledonia. Previous to planting, the field 
was fallowed for one year. The.tr^sh from the previous crop was plowed in 
and stock was pastured On the field during .the period of fallow. 

The plant cane wgs cut back early in July, 1919, and harvested April 22, 
■ Th«. ratoon crop .was not cut back apd was harvastediMarcIi 5. 1923. 

Tlie results the tests show ho response at all to petasht Phosphoric acid 
flowed imme indiGations^f crop increases^btit these increases were too amiSl to be 

. £qi^ aidoUnts of hitrogen Irom nitrate of soda ^d frc« n dried blood jpro- 
tesuite; ' Ap^ying all the fertillEer the first, year' produced, l^er 
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Lihue Experiment No. 1, Phosphoric Acid 

Reverted phosphate was applied at the rate of 1,000 pounds per acre to all 
phosphate plots, but to the plant crop only. The ratoons received no phos- 
phate. Eighteen plots received reverted phosphate. To nine of these, the 
phosphate was broadcasted before furrowing, to the other nine plots the phos- 
phate was applied in the furrow before planting. 

All plots, in both crops received uniform nitrogen fertilization from nitrate 
of soda. In addition to the nitrate, 500 pounds per acre of molasses ash was 
applied to all plots in the plant crop. 

The results obtained from the two crops are tabulated as follows: 


Treatment 


Tons Cane per Acre. 

Average 

Average Tons 
of 8ugar 

Not Reverted Phos 


1921 Crop. 
42.0 

1923 Crop. 
31.4 

Q. K. 
8.66 

per Acre. 
4.24 

1,000 lbs. Reverted Phos. 
cast 

broad- 

44.6 

31.1 

9.01 

4.21 

1,000 lbs. Reverted Phos. 
row 

in fur- 

42.3 

35.3 

8.90 

4.36 

Av. all Phos. plots 


43.4 

33.2 

8.95 

4.28 


The results obtained here are within experimental error and indicate no 
l)rofitable return from the phosphoric acid used. Results of the same nature 
were obtained on similar soils at Grove Farm. This was in contrast to result? 
from mauka fields where good gains were had from phosphate applications. 

Details of Experiment 

Reverted Phosphate — Residual Effect 


Objert: 

Too determine the residual effect of reverted ])hosphate on inakni land at Lihue 
plantation. 

liocatlon: 

J?'ield L 


Crop; 

Yellow Caledonia cane, first ratoons. Previous crop harvested April, 1921. This 
crop not to be cut back. 

Layout: 

No. of plots, 33. Size of plots, 1/10 acre, 108' long by 40.3' wide; comprising 24 
straight lines, 40.3' long x 4%' wide. 

Plan: 


Plots No. of 

Plots 
A 9 

B 9 

C 8 


Treatment 

1,000 lbs. reverted to plant crop — broadcast 
1,000 lbs, reverted to plant crop — with seed 
No reverted phosphate 


All plots to receive 484 lbs, of nitrate of soda in August, 1921, and a like amount 
in March, 1922. No potash or phosphoric* acid applied. 

Experiment originally planned and laid out by B, 8. Thurston. 

Experiment harvested by O, C. Markwell, March, 1923. 

Cane sampled in carload lots at mill by plantation. 

/ 

) V 
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Lihue Experiment, No. 2. 

Ifj this teat, all plots received a uniform application of nitrogen from nitrate 
of soda* In addition to this; ten plots. received 500 pounds of reverted phos- 
phate and 240 pounds per acre of molasses ash. Eleven plots got 240 pounds 
per acre of molasses ash in addition to the nitrogen. Eleven plots got nitro- 
gen Oinly. 

Exr 1. Reverted Phosphate, Residual Effect 

Exf? 2. Plant Food Requirements. 

Exf?3. Forms Of Nitrogen. 

LIhue Plantation Co. Expts. 1, 2 3 , 1923 Crop 
FieW I. 
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The phosphoric acid and potash were applied in one dose to the young 
can& ’ The nitrogen was put on in two applications, one each season. 

4...» t i 1 . F 


Uieatiaeafe.':, 


'ana, ite> 






— — r ’ 

- ' - — ' T ca " 


A^r- 

Average 

Tol^l Pounds per Acre, 

Tone Cane per Aere* 

age. 

IVUm Bugar 


PsOb 


1921 

1923 

Q. It. 

per Acra 

IBO 

0 

0 

45.2 

35,4 

a.4» 

4.75 
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«0 
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Here, as in Experiment 1, the results are really within experimental error. 
There is no indication whatever of a response to potash. In the case of phos- 
phoric acid, when the results are taken in conjunction with those of Experi- 
ment 1, there are indications of some slight response to phosphates, but this 
response is not enough to be profitable. But this does not mean that phosphoric 
acid fertilization should be discontinued as that would mean the further deple- 
tion of material from the soil and it would have to be replaced by larger doses 
in later years. 

Details of Experiment 

Fertilizer — Plant Food Requirements 

Object: 

To determine the value of phosphate and potash in this soil. 

Location: 

Field 1. 

Crop: 

Yellow Caledonia, first ratoons. Previous crop harvested April, 1921. Not cut back. 

Layout: 

No. of plots, 32; size of plots, 1/10 acre, 108' long x 40.3' wide; eoiiiprisiiig 24 straight 
lines, 40.3' long x 4%' wide. 

Plan: 


Plots. 

No. of 
Plots. 

N. S. 

August, 1921 

Suit*, of Rev. 

Potash. Phos. 

March, 

1922. 

N. S. 

D 

11 

484 

0 

0 

484 

E 

11 

484 

150 

0 

484 

X 

10 

484 

150 

500 

484 


Kxporiment originally planned and laid out by li. S. Thurston. 

Experiment harvested by O. C. Markwcll in March, 1923. 

Cane sampled in carload lots at mill by plantation. 

Lihue Experiment No. 3. 

In this experiment we compared equal amounts of nitrogen from three 
different sources, namely, nitrate of soda, dried blood, and dried blood with 
a spring dressing of nitrate of soda. 

The amounts of material used and the time of application were as follows : 






Total Pounds 

1921 CBOP. 

1923 

CROP. 


of Nitrogen 

August, 1919. March, 1920. 

August, 1921. 

Feb., 

1922. 

per Acre. 

6451b8.N.B. 484 lbs. N. >3. 

645 lbs. N. S. 

484 lbs. N 

. 8 . 

175 

833 lbs. Blood 484 lbs. N. S. 

833 lbs.. Blood 

484 lbs. N. S. 

175 

1458 lbs. Blood 

1458 lbs. Blood 


< 

175 

The results obtained from the two crops are as follows ; 






Average 

Treatment. 

Tons of Cane per Aero. 

Average 

Tons Sugar 


1921 Crop. 1923 Crop. 

Q. R. 

per Acre. 

Nitrate of Soda 

46.5 

37.9 

8.82 

4.79 

Blood and Nitrate of Soda. . . 

45.6 

38.0 

8.82 

4.74 

Blood 

. 43.9 

37.5 

8.49 

4.79 
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The^ tesnilt* show no prrference as to which materiil we use as our 
o{ nttirogen. 

An 'Interesting resuU ol this experiment is the fact that in both crops the 
jukes from the dried bihod plots were better than the juices from the two 
oAd" series of plots^ , We do not believe that this better juice was due to 
dried blood. We rath(||i 5 :^jl|tribute it to the fact that in the dried blood plots 
nil the fertilizer was ap|)tv^ the first season, and that no spring dressing was 
hsed. If the quality of the juices Uras affected by the blood, it should show 
in the second series of plots where both blood and nitrate of soda were 
used. But this was not the case. The average juices from the plots getting 
the spring dressing was the same, whether nitrate of soda or blood w^as used 
the first year. In other words, it would appear that it is the spring dressing 
that affected the juices, and not the blood. 

This points to the great importance of careful study being made .as to the 
value of the earliest possible fertilization as a means of improving the quality 
of our cane. , 


It is possible that it will be found adwMp^eous to Sp^^hii oiir fertiliza- 
tions so that all fields which are to be ,Jil^sted fairly e^ly in the year will 
receive all their fertilizer, the first season and have the spring dressing omit- 
ted, thus giving the cane more time to mature. This would apply particularly 
to districts of heavy rainfall when maturity capnot be forced by the withhold- 
ing of irrigation water. 

Although the methods used are different, the ultimate results point to the 
same end. In mte tgse we check growth by lack of water, in the other we 
attempt to cheJS^owth by lack of available nitrogen. But, in order not to 
lose much cane4oanage by the last method, it is necessary to feed the cane 
ail the nitrogg^it can possibly use in its early growth. 


Details of Experiment 

%'• 

Fertilizer— Forms of Nitrogen 

^ vr*'.. 

' To eompare th« value of the nitrogen in nitrate of soda only, in dried blood only, 
. ’* and in d,fi.ed blood with spring dressing of nitrate of soda. 

Sf i flT a tifl H* 

Ffdd 1. . ■ 


' 7«llonr Caiiedoaia, first/ ratoons. Previous crop harvested .Ajffil, 1921. This crop 
aot'to be eut back. 

-- '' ' 

No. of August, mi. Mare]i,m2. 

Plot. Plots, Nit Soda. . Blood. Nit.iBodal> Total Nit. 

.l* . ll . . 645 0 . , 484 # 175 

. n 0 1,488 0 175 

'It', 11 ;■ ■ ,0 ,888 484 175 


No. of 
Plots, 

ll . 
n 

11 ■■ 


, DifSif. apprwtimateHy, . 1S% N.j Nitr f^ of ^ d^ 15,1 

ssrijii^lly 'planned 'and hdd oaf ly B. HturittOBr'^''' 

0. -O/'Kasiwell'ia INlob,' 15^.' ' ‘ 
li. aiaWd ' Iota at •: 't^ by ‘ 

., 1 ., \ ,‘iv . 
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Liming Hawaiian Soils. 

By W. T. McGeorge. 

It is notable, on surveying the literature covering the liming of Hawaiian 
soils, that in spite of the fact that the laboratory studies strongly indicate a need 
of lime, comparative field experiments have rarely shown a profitable response. 
On the other hand, while opinions may vary, the practice of liming to a moderate 
extent is quite general. It may not be amiss, therefore, to compare results 
obtained here with some of the present day conceptions of lime requirement of 
soils and plants. 

Field Observ.\tions 

Haivaii. At Kaiwiki we note no response to lime (Yellow Caledonia cane) 
on applying coral sand up to four tons per acre, and Inirned lime at the rate of 
one ton per acre. Again we note no response at Hamakua Mill Co., (D 1135 
cane) where ground rock and coral sand were applied up to seven tons per acre. 
In this case an effort was made to add enough lime to neutralize the acidity^ 
shown by analysis but samples taken later showed no reduction in acidity where 
two tons lime per acre were added. At Hilo Sugar Co. (Yellow Caledonia), 
on a soil showing five tons lime requirement by analysis, six tons burned lime 
and four tons sand both showed a slight response. Since these soils respond 
markedly to potash fertilization it is ])ossiblc that response to liming in this 
experiment may have been due, at least in part, to a higher availability of potash 
on the limed plots. Greater availability of potash often results from additions of j 
lime to the soil. At Paauhau (D 1135) 1 to 5)4 tons hydrated lime gave no | 
response; at Hawi (D 1135) J4' to 1)4 tons burned lime gave no response, [ 
and at Niulii (Yellow Caledonia) a slight response was obtained with two tons j 
lime per acre. 

Oahu. At Waipio coral sand applied at the rate of y> ton per acre, on a 
non-acid soil, gave a response with H 109 but none with D 1135. In similar 
experiments at Oahu Plantation a response was shown with Lahaina and H 109 
but D 1135 again showed none. Both sand and gypsum were used in these 
experiments. 

Kauai. At Kilauea certain tests have shown response to heavy applications 
of lime (Yellow Caledonia) while in others none is apparent even on acid soils. 
At Grove Farm no response , was -obtained, on virgin soil, (Yellow Caledonia) 
on applying as high as ten tons coral sand per acre. 

Laboratory Studies 

The early bulletins of the Station call attention to the readiness with which 
lime is leached from our soils. Makai soils are much higher in lime than mauka 
and cropped soils much lower than uncropped ones. In view of the relation of 
soil acidity to the biolc^ical activities we note special attention to have been given 
to this phase of liming. The replacement of other elements by lime has also been 
studied. 
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B^Ogiiai activities are found to be very low in tbe acid soils, the addition 
of lime as oxide, carbonate or sul|diate increasing nitrification of the soil nitrogen 
or that added as ammoiHijiin sulphate or blood. In the soils higher in lime less 
stimulation is noted. In another experiment" we note burned lime and gypsum 
decreasing nitrification, from which variation in soil types is apparent. It is 
significant that in one set of experiments an increase in nitrification virith increase 
in lime up to neutrality was found, indicating the advisability of liming to 
neutrality in such cases. 

Coral sand has been shown to increase the nitrate content of the drainage 
water while burned lime and gypsbm decreased it. A slight increase in the potash 
Qontent was also noted while all forms of lime reduced the loss of phosphoric acid. 

As r^ards the effect of lime on the mechanical properties we note a retarding 
of the movement of water, a flocculation of the clay into larger aggregates, and 
an increase in cohesion, apparent specific gravity, and vapor pressure. 

Lime as Plant Foop 

Hilgard has said, “limestone countr^jlP a rich coui^^,” and Hall of the 
Rothamsted Experimental Station is quoted as having stated that any soil con- 
taining less than 1 per Cent calcium carbonte will be benefited by liming. 

Let us first consider the cane plant itself. It has long been known that cer- 
tain species of plants are affected and others more or less indifferent to the 
soil reaction. There has resulted therefrom a botanical classification of cal- 
ciphile (lime-loving), calcifuge (lime-avoiding), and indifferent; or acid tolerant, 
acid intolerant -and indifferent. We find sugar cane thriving on a wide variety 
of island types. Observations, therefore, indicate that the cane is more or less 
indifferent to soit reaction within certain limits. It is evident, therefore, that 
the principal direct relation of lime to the growth of cane is as a source of plant 
food, or at least other than as a corrector of soil acidity. The availability of 
calcium being lowered by soil acidity, are our soils in need of lime applications 
as plant food? As previously noted, lime is readily leached from our soils and 
is probably the dominant constituent of the drainage water, being in solution prin- 
cipally as the bicarbonate. With few exceptions lime as carbonate is not present 
in the soil. It is evident from a survey of investigations on local soils that it is 
present primarily as the silicate. Thus we have the acid soils as the dominant 
type in the islands. While a supply of calcium as a plant food for the cane is 
essential, it may be safely stated that the drain that the cane plant waWe upon 
the supply Uf this element is, by far, less than that removed in the drainage. In 
other words, light aj^Hcations of lime would supply the plant food needs of the 
eatus even in those sofls of low lime content and it would appear to be good policy 
^ regi^ly make lig^ sqjplications to the soils low in li|pe, rq^irdless of any 
hsdkation of viable response to sudi practice. In ^expepments in which dif- 
lewnt {arms of lime have been con^md, those in which a response was obtained 
wch with the sulphate as well as the oxide <w<c<urlxinate. The former 
funUlhMtt primarily as a plant food while ^ latter as neutralisers of acidity. 
tJoea a due to die fact that response to ^iiang ts rardy observed? Jn 

^ ahseuue df dalchmt in other fchw,, as sd&sate i$ known to f unctiwi as 
%, sPiume of pilot food. There is fmesont id <l«! ,ift%atiaii watw and tahtfaS 
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comparatively large amounts of carbon dioxide, which source is probably aug- ' 
mented by that produced in the respiration of the cane roots. There results . 
therefrom the solution of lime through a hydrolysis of the silicate in the presence 
of carbonated water. It is evident, then, that calcium silicate being present in 
appreciable amounts in our soils, supplies, except in isolated cases, the lime needed j 
as plant food by the cane. On this basis we would not expect a response in cases 
where the lime functions primarily as a source of plant food, unless an actual 
deficiency exists. 

Soil Acidity 

The chief reason for applying lime to a soil is to correct acidity, the function 
of lime is therefore primarily that of an indirect factor in plant growth. It is ? 
a notable fact that most plants produce best growth in the absence of acidity. In 
acid soils we have an environment productive of low availability of the important 
plant food constituents of the soil, retarded decomposition of organic matter, 
prevalence of certain plant diseases, etc. In e.stimating the lime needs of our 
soils the Veitch method has been widely used. It is recognized that this method 
only measures the amount of lime which the soil will absorb under the condi- 
tions of the analysis and therefore does not answer satisfactorily the amount of 
lime to apply. Some of our soils containing as high as 2 per cent lime of high 
availability show a need of lime by the Veitch method. It is possible that in such, 
a part of the lime is fixed as silicate. It seems imperative, then, that a knowledge ■ 
of the nature of the acidity must be considered in estimating the lime requirement. 
Is it due to basic exchange? Does the mineral or organic acid theory apply ^ 
Is the phenomenon of selective absorption involved? Is there present a reducing 
or oxidizing environment? Is the acidity due to a hydrolysis of the salts of 
aluminum, iron or manganese, the solubility of which is increased by acid con- 
ditions and absence of lime? The suggestion has been made by several invest!- , 
gators that the effect of aluminum and manganese in acid soils seems likely to 
prove of more importance than the neutralization of active acidity. Lime is/ 
the principal agent for rendering these salts inactive. 

In the heavy island soils we note a reducing environment, high colloidal prop- 
erties and absorptive power, high basicity or low silicate content, and excessive 
amounts of iron, aluminum and manganese as being the principal possible factors 
involved in the acidity of our soils. As for any actual mineral acidity the heavy 
nitrate applications probably furnish sufficient base to prevent such accumulation. 
Absence of necessary work on soil acidity, covering this phase of the problem, 
prevents any conclusions being drawn regarding the extent to which the above 
factors apply. 

Biological Activities 

We have in the soil a culture medium for micro-organisms which has a 
direct bearing on soil fertility. It is apparent, therefore, that the reaction of 
such a medium is of vital importance in the proper functioning of the biological 
processes. It has been proven beyond question that in most of our soils a 
stimulation of bacterial activities related to the decomposition of plant residues 
and especially those concerned in the nitrogen cycle results from lime applica- 
tions. Investigations have indicated the optimum conditions for nitrification to 

I ' 
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b« Hoiing to neutrality. In the heavy applications of sodium nitrate, as practiced 
in the Islands, we supply to the cane th|e plant food which lime, as our experi- 
ments show, functions In making available. It is therefore evident that we could 
hardly expect a re^nse from addition of Ihne where nitrate is also applied if 
a low nitrifying power is the limiting factor. 

The action of lime and nitrate of soda are therefore interrelated. In sodium, 
of sodium nitrate, we have a base which functions to a limited extent as a 
neutralizer of soil acidity. That is, sodium nitrate applications tend to lower 
the acidity of the soil. At the same time we are adding nitrogen in a form which 
liming would supply to the plant through a stimulation of the nitrification of soil 
nitrogen. 

Mechanical Effects of Lime 

There is a tendency in many of the heavy clay island types to puddle or 
become compact. On a normal clay soil lime tends to flocculate the clay particles 
and produce what is known as a crumby structure. Experiments have shown 
that lime acts very favorably in improving^ the physical properties of Hawaiian 
soils, thus producing a healthier medium for plant growth. 

Chemical Effects of Lime 

Chemically, lime possesses several important properties closely eonnected with 
the changes going on in the soil solution. In solutjtttl hs calcium bicarbonate it 
is the principal agent involved in the basic .it^nanges taking place in the soil 
solution. While ther^^j^ave been opposing opinions offered as to its relation 
to the availability of ^ potash, results obtained in the study of local soils show 
applications of lime ^ oxide, carbonate and sulphate, principally the latter, to 
increase the soluble potash in the drainage. It appears to be also favorable to 
the formation of more readily available forms of phosphoric acid. 

Other favorable reactions include neutralization of organic toxins and the 
elimination of the soluble toxic inorganic salts such as aluminum. The relation 
of tlw latter has not been studied with reference to local soils, but it is probable 
thafrlhey may be a factor in our fertility problems. 

Conclusions 

? 

A superficial observation, then, of the effect of liming the cane lands of 
the Islands indicates that under the present practices a deficiency of lime for 
plant foocTis the principal limiting factor in anticipating response or no response 
to lime applications. In spite of the fact that laboratory studies show more 
favorable mechanical condition, lower acidity and a stimulation of the nitrification 
will result from liming, only in isolated cases has the cane^ shown any response to 
this pfactioe. This is probably due to the indifference oj sugar cane to the soil 
reactioh, 'within 4 certain range, and the heavy nitrate applications which correct 
the lent nitrificahbn. 

Wlnle considerable work has been done on the effect of lime on the biological 
processes |n Hawaiian soils and the effect on the propertiesr the need 

llor biowtedge of the dimnica} effects at^ the nature of the existing 

eiddfiy ip lament io atten^xting to explmti sotne of the results obtained in field 
tjr^ala. 
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The Acidity of Hawaiian Soils. 


By W. T. McGeorge 

Hawaiian soils, while characteristically basic, are, with rare exceptions, acid 
in reaction and usually show a high lime requirement by the Veitch method 
On the other hand, experiments and general observations have rarely shown an\ 
indication that sugar cane is materially aided by liming these soils. As a whole, 
the results indicate an indifference to soil reaction on the part of the sugar cane 
plant, or an acidity, the nature of which is not toxic toward the cane roots. In 
vie\v of this the question arises: Is the nature of the acidity a factor? 

Comparatively little work has been published showing the relation of the 
lime requirement of soils as determined by the various methods and the hydro- 
gen ion concentration in soils high in iron, aluminum, and manganese oxides 
and in which these oxides are often in excess of silica. Such a comparison has 
recently been made in this laboratory in order to obtain information relative to 
the nature of acidity in such types. In this case it is not a question of the merits 
of the different methods. 

Fourteen soils were selected varying in pH* from 4.63 to 8.01. The com- 
position of these soils as to the most important basic constituents and silica is 
given in the following table. The results are expressed on the air-dry basis in 
order to illu.strate the variation in the moisture content of the soils in the air- 
dry state. 

Taule 1. 

Partial Analyses of Soils.* * 

Soil Organic *** 


No. 

HgO 

TiOg 

FeaO.H 

AI 2 O 3 

Mna 04 

CaO 

SiOa 

and Vol. 

848 

12.47 

6.0 

11.17 

19.33 

.18 

1.23 

40.9 

10.63 

849 

14.20 

7.2 

10.37 

18.88 

.13 

1.42 

39.8 

9.11 

367 

9.60 

12.2 

22.54 

28.51 

.20 

.61 

9.8 

15.80 

76.5 

12.03 

8.0 

22.54 

15.46 

.25 

1.15 

15.1 

11.57 

186 

19.60 

6.0 

13.56 

15.09 

.26 

1.23 

1.3.2 

29.63 

187 

22.20 

4.4 

13.56 

18.04 

.25 

1.01 

17.5 

29.63 

621 

4.11 

7.4 

21.74 

27.36 

.30 

.98 

31.7 

10.69 

409 

9.10 

10.0 

15.56 

25.64 

.22 

.84 

33.8 

9.09 

734 

8.90 

5.8 

14.16 

28.79 

1.10 

.92 

33.9 

11.25 

722 

6.04 

9.8 

15.76 

28.24 

.43 

.86 

31.0 

13.34 

408 

7.70 

9.4 

14.56 

26.04 

.77 

.98 

33.7 

11.50 

872 

9.17 

5.6 

13.96 

15.44 

.34 

3.14 

42.3 

10.58 

3 

7.00 

5.0 

23.74 

15.51 

.40 

3.25 

30.8 

10.24 


** Analyses by fusion with sodium carbonate. 

JJoes not include moisture given in column two of this table. 


*In expressing acidity in terms of pH a value of 7.0 indicates neutrality, above this 
point, alkalinity, and below, acidity. 
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848 is a heavy, black, clay, adobe soil, high in water soluble iron and alumi- 
nuoi, irr^iated land, low elevation, Wain^analo plantation. 

849 is the subsoil b} 848 and similar in texture and color. 

367 is a yellow clay loam as is also 399. .Both are from Kauai upland soils, 
unirrigated land. ' 

186 is a sandy loam high in organic matter and combined water from Hono- 
kaa plantation. 

187 is the subsoil to 186, similar in texture but lighter in color. 

621 and 408 are red clay loams from districts where rainfall is low. The 
former is from Pioneer Mill, medium elevation, and the latter from Ewa planta- 
tion, low elevation. 

734 is a chocolate brown silty loam from a manganiferous area, Oahu planta- 
tion, upland soil, irrigated land. 

722 is a brown clay loam from Waipio substation. 

409 is a red clay loam, subsoil to 408. 

872 is the same type as 848 but taken from a section near the sea and high 
in coral. 

3 is a sandy clay loam from the Experiment Station plots, Makiki, deriv^ 
from and underlain with black volcanic ash. 

765 is a yellow silty loam from the Hilo district, rainfall heavy, land unirri- 
gated, clay highly hydrated and high in organic matter. 

These soils have been selected from sugar lands located on the four major 
islands, Oahu, Maui, Kauai and Hawaii, and represent lowlands, uplands, humid, 
and more or leSs arid districts. 

The lime requirement or acidity of a soil is attributed to such phenomena as 
the actual presence of mineral or or^nic acids, absorptive or adsorptive prop- 
erties of colloidal material, free hydrogen ions or the presence of certain specific 
compounds which, through hydrolysis or replacement, increase the hydrogen ion 
concentration of the soil solution. 

Extensive and comprehensive reviews of the various methods of determin- 
ing sml acidity are available (1), which makes such a review unnecessary here. 
Those used in this investigation include the treatment of the soil with the salts 
of strong acids and strong bases, for example, the Hopkins method (2) which 
caUs for the use of potassium nitrate or chloride ; weak acids and strong bases, 
for exan^ie the Jones method (3) using a solution of calcium acetate, the Loew 
(4) method uaing potassium acetate, the Carr (5) method using potassium sulpho- 
cyanate; weak acids and weak bases, the Truog (6) method using zinc sulphide. 
Other inethodi) induded the Veitch (7) and the Hutchinson and MacLennan (8) 
methods wiiidi utilize solutions of caldum hydrate and bicarbonate respectively ; 
LyiMt and Bizzell (9), in which barium hydrate is used in a somewhat similar 
maimer ; the^Omner (10) method and that of Rice an i ysv^i (11), in which 
the l^ro^sis bf enters and sucrose respectively are used ; HoUemann ( 12) , which 
tneasufirtt Ae. cent lime soluMe in water saturated with carfxm dioxide; 
laUUehdoi^ (13i), !h which a ba^ titradon of N/5 su^^dnuic add, and in which 

, .^'sflU has *»' *. " 

; A nhmlMir. of qual^tive tests wete also apJdM to these soils and indude 
tiiit; ^fhOaO'of' ’ aiid ' wfakh haye altmtdy 'been 
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described ; the Comber ( 14) method, which uses an alcoholic solution of KSCN , 
the Loew (4) method, which uses a solution of KI in starch paste, and- as modi- 
fied by Daikuhara (4), using starch iodide paper instead of the starch paste as 
a test for free iodine. 


QUALITATIVE METHODS 


The results obtained by the qualitative methods are given in the following 
table : 


Table 2. 


Qualitative Tests For Acidity 


Soil 

No 

Litmus. 

Veitch. 

liOew. 

Loew- 

Daik. 

Truog. 

Ooinber. 

pH. 

848 

acid 

colorless 

blue 

colorless 

positive 

dark red 

4.63 

849 

tt 

it 

i i 

i i 

1 1 

1 1 

i i 

4.80 

367 

it 

it 

colorless 

i t 

t i 

faint red 

4.88 

399 

i ( 

it 

it 

it 

negative 

1 1 

i t 

4.97 

765 

it 

i t 

1 1 

it 

( ( 

i t 

i t 

5.56 

386 

? 

it 

it 

t i 

i ( 

i t 

i i 

5.73 

187 

( i 

i t 

1 1 

1 1 

i i 

t i 

i i 

5.98 

621 

a 

i t 

blue 

i i 

t i 

i t 

i i 

5.98 

409 

t i 

it 

colorless 

it 

i ( 

t i 

t i 

6.32 

734 

( t 

a 

i i 

i i 

i i 

colorlos.s 

C.66 

722 

neutral 

i i 

1 1 

a 

1 1 

i i 

7.00 

408 

a 

i i 

( » 

t i 

i t 

i i 

7.08 

872 

alkaline 

red 

i i 

t i 

t i 

( t 

7.67 

3 

i t 

t i 

t i 

i t 

i i 

i t 

8.01 


Of the above qualitative methods the litmus, Veitch and Comber appear 
to be best suited to local soil types as an indication of absence of adequate lime 
supply. The Loew and Truog methods appear to be of little value, assuming 
the pH values as standard for comparison. The reaction involved in the latter 
two methods requires the presence of an acid, which in the Loew and Loew- 
Daikuhara methods sets free iodine from KI, being indicated by the starch paste 
or starch iodide paper and which in the Truog method liberates HjS from ZnS 
as indicated by the lead acetate test paper. These methods apply only in those 
soils of pH 4.8 or less and indicate that these reactions are inhibited in our 
soil types or that in those soils of low H ion concentration the small amounts of 
iodine or HjS are absorbed and not set free on boiling. The Comber method 
showed some promise of yielding information relative to the nature of the acidity, 
and in view of its relation to the more advanced conceptions of soil acidity, in 
which the salts of iron, aluminum and manganese play a prominent part, more 
time was devoted to a study of this method. The reagent used in this test, 
KSCN in alcoholic solution, will, in the presence of soluble iron, increase the con- 
centration of Pe(SCN)g in the liquid phase to such an extent as to greatly 
increase the delicacy of the reaction. From the composition of Hawaiian soils, 
one would ordinarily attribute acidity to be in large part due to these elements. 
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According to Comber, the red color increases in depth on standing. As thus 
applied to Hawaiian soils, manganese dioxide, which is present in practically all 
types, introduces a factor, which, within a certain pH range, materially enhances 
the value of this method, or, viewed from a different light, may add to its value. 
In the following table are noted observations made with this test immediately 
after the soil had settled and at 24- and 48-hour periods : 

Table 3. 


Showing the Factor of Time in the Comber Method 


Boil No. 

No. 

pH. 

15 Min. 

24 Hr. 

48 Hr. 

848 

4.63 

dark red 

dark red 

dark red 

849 

4.80 

ti 

tt 

tt 

367 

4.88 

light red 

light red 

light red 

399 

4.97 

red 

red 

red 

766 

6.56 

a 

it 

tt 

186 

5.73 

light red 

light red 

light red 

187 

5.98 

it 

t i 

tt 

621 

5.98 

1 1 

blue 

blue 

409 

6.32 

ti 

< 4 

tt 

734 

6.'66 

colorless 

( t 

it 

722 

7.00 

tt 

tt 

tt 

408 

7.08 

ti 

tt 

tt 

872 

7.67 

1 1 

colorless 

tt 

8 

8.01 

it 

1 1 

colorless 


This blue color was found to be due to manganese dioxide and it is apparent 
from Table 3 that we may expect soils of pH less than 5.5 to show a permanent 
test for soluble iron, while within the range of 5.5 to 7.0 MnOj will change' 
the red color to a greenish blue. This change in color is due directly to MnOa 
and not to soluble manganese salts. For example, on adding MnOg to 848 there 
resulted a gradual fading to greenish blue, while on adding manganese salts 
there was no change in color, the red color of undissociated FeCSCN), being 
permanent. 

It was further suggested by Comber that if FeCl, be added to this reagent, 
thus developing the red color before shaking with the soil, the iron present 
in the liquid phase will be disfdaced by the lime in all alkaline soils. As thus 
applied to the soils under invest^tion, further peculiarities were met. The 
observations noted were as In soils 848 to 187 there was no greater 

amount of color than wMre no*lKCls was used. Soils 621 to 406 all showed 
no greater amount of color and turned blue in 24 hours. Soils 872 and 3 
remained colorless. The results clearly show the high absorptive capacity of 
the soil colloids and the influence of pH range on the ooloriof FeCSCN),. The 
d^icacy of ^ reaction in these soils is greatly increased^ by using an ether- 
ahxdio) solvent for the reagent. 

QUANTITATIVE METHODS 

I A con^ftatisoa of the quantitative methods of determuiing acidity or lime 
» v i|)« hwwei it m^h pliTalaes is given in Table 4. In Fart 1 is tabul^ed the methods 
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expressing lime requirement in terms of pounds calcium oxide per acre and 
in Part 2 methods of determining soil acidity which are expressed in other terms. 

Table 4, Part 1. 


(Jompfiring pH with Tame Requiromeiit in Poiiiida (JnO per Aere 





Hutch. 

Lyon 




Soil. No. pll. 

Veitch. 

MacLeu. 

Bizzell. 

Hopkins. Loew'. 

Jones. 

(/arr. 

848 

4.63 

11460 

11080 

11480 

3570 9360 

6840 

7020 

849 

4.80 

11460 

13440 

12820 

6880 11580 

8570 

9000 

367 

4.88 

6390 

9070 

8060 

170 3630 

4860 

1200 

399 

4.97 

6750 

6720 

7990 

100 3510 

3600 

.... 

765 

5.56 

15120 

11500 

12300 

100 4410 

6480 

4290 

186 

5.73 

22500 

9820 

13230 

170 6480 

6680 

2200 

187 

5.98 

24510 

9570 

11380 

170 2490 

5580 

1000 

621 

5.98 

2340 

1510 

250 

85 1480 

1260 


409 

6.32 

1350 

2680 

200 

60 810 

900 


734 

6.66 

1350 

3520 

120 

40 1080 

1260 


722 

7.00 

660 

126 

60 

40 420 

360 


408 

7.08 

1680 

126 

310 

40 .330 

360 


872 

7.67 

660 

—2680 

alk. 

alk. 270 

alk. 


3 

8.01 

660 

—6630 

alk. 

alk. 210 

alk. 





Table 4, Part 2. 



Soil No. 

Rico Osugi* 

Conner 

Jmmendorf*^* 

Hollemann 



848 

.0750 


9.6 

13.25 

.008 



849 

.1160 


4.4 

1*3.40 

.007 



367 

.0190 


13.0 

8.50 

.009 



399 

.0130 


10.0 

7.75 

.013 



765 

.0536 


24.0 

15.90 

.015 



186 

.0254 


10.0 

20.25 

.017 



187 

.0520 


6.0 

20.10 

.016 



621 

.0150 


S.O 

10.0 

.023 



409 

.0025 


2.8 

11.75 

.020 



734 

.0050 


10.0 

14.90 

.023 



722 

.0153 


2.0 

35.10 

.03:1 



408 

.0136 


2.8 

13.00 

.027 



872 

.0395 


4.4 

21.10 

.081 



3 

.0230 


2.0 

24.10 

.131 



Gms. CuO 

per 2.5 gms. soil. 






cc. N/20 alkali per 10 gms. soil. 





cc. N/5 acid neutralized by 10 gms. soil. 




«««# 

per cent CaO soluble 

in CO 2 saturated water (1:5). 



Let 

us first 

consider 

the results obtained with the 

Veitch, Hutchinson 


MacLennan and Lyon-Bizzell methods, which in a manner involve similar prin- 
ciples. In the two former, amelioration of soil acidity is effected by methods 
closely resembling field practice, a solution of Ca(OH)a in the one case and 
of CaHCO, in the other. It is evident, however, that in addition to a neutraliza- 
tion of actual acidity, and a replacement of soluble iron, aluminum and manganese 
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in their soluble salts, the acidity will appear greater than it really is, due to 
physical absorption by the soil colloids, not denying, however, that lime may be 
of benefit to the soil in other ways than neutralization of soil acidity. 

In the results obtained hy these three methods there is a general agreement 
in the soils of pH 4.6 to 5.5. Soil 186 and subsoil 187 show a wide variation. 
From this, it is evident that in this type acidity is due to several acid constituents 
as shown by the different degrees of reactivity with the different basic combina- 
tions. Absorption is also a factor in this soil, at least one might interpret such 
from the high content of water of hydration and the resulting colloidal properties 
usually associated with such types. Comparing 187 and 621 it will be noted 
that both show a pH of 5.98, while there is a difference of 10 tons lime require- 
ment by the Vcitch method, 4 tons by the Hutchinson-MacLennan method, and 
5.5 tons by the Lyon-Bizzell. These results indicate a high potential acidity 
in the former, probably due to the presence of acid reacting organic compounds, 
and an acidity in the latter oj greater intensity, this soil being very low in 
organic content. The soils of lower H ion concentration given in the table all 
show a greater degree of variation. In general, it may be said that these 
methods, in the main, neutralize all types of acidity and will usually agree, 
close enough for practical purposes, on all our highly acid types where the ratio 
of lime absorbed by the colloids to that used in neutralizing acidity is low. But 
* in those soils of pH 6 to 7, and these are the less important, in which there is a 
higher ratio of absorbed lime to that neutralized by soil acids, there is greater 
variation and less agreement, the Veitch method showing absorption even in the 
alkaline soils. Specific information relative to the nature of acidity is wanting, 
except that the Veitch method gives higher results, as compared to actual H ion 
concentration, on soils the acidity of which is due to organic matter, than where 
due to other factors. In other words, the Veitch method has the advantage 
in the case of soils of high potential organic acidity if it is desired to estimate 
the lime needed to neutralize the soil, as in such types this factor is not indi- 
cated by the H ion concentration. 

In the Hopkins, Jones and Loew methods we have the much discussed 
acidity by basic replacement or absorption. It is generally conceded that these 
methods indicate mineral acidity as shown by the solution of aluminum, iron 
and manganese in the extracts of acid soils treated with solutions of the salts 
which are the basis of the above methods, and the knowledge that the salts of 
these elements react acid through hydrolysis. Practically all soils show a higher 
acidity where acetates are used than where chlorides or nitrates and this is 
strikingly apparent in Hawaiian soils. Even in our most acid types it will be 
noted that the lime requirement, as indicated by the Hopkins method, is prac- 
tically negl^ible. Both KCI and KNO, were used and the results by both 
salts che(dced very closriy. It is significant that the highest results were obtained 
on the soils of h^^test H ion ccmcentration and in which solubld iron and alumi- 
num! salts vet« prestmt in large amounts and that in these soils potassium acetate 
gave hii^'res^s than the cakktm aerate. 

' The Ceaner Rice-Osi^ methods show (quite tSMwjde variation in the 
aodmi 0 thesd soils as meashrid by the hydnolysis of sucrose and 
t^yl uostate. eontpounds are hydooiysed or 'dwuiwpowd in the atkaline 
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soils as well as the acid and there appears to be little relation between the H ion 
concentration and hydrolysis, indicating that this reaction is due in part to other 
factors than acidity. 

■ The Immendorf method, which acts as a measure of soluble bases is of little 
or no value in these highly basic soils either as a measure of lime requirement 
or as indicating the nature of acidity. All acid extracts of these soils were high 
in iron and aluminum except number 3. 

On the other hand the Hollemann method which measures the solubility of 
lime in water saturated with CO^ shows a very close relation to pH values. 
There is a gradual increase in the solubility of lime in this reagent, with 
decrej^se in H ion concentration. These results clearly indicate that the solubility 
of lime is definitely associated with the H ion concentration of these highly basic 
soils, both as a neutralizer of actual soil acidity and in the replacement of iron, 
aluminum, and manganese in the soil solution due to their relative positions 
in the electromotive series. The results obtained show beyond a doubt that 
acidity in Hawaiian soils is largely a question of presence or absence of readily 
available calcium compounds. 

Carr (5) has developed a quantitative method from that of Comber, using 
the red color of Fe(SCN )3 as an indicator, after determining the pH at which 
this salt becomes colorless in solution. As thus applied to Hawaiian soils some 
interesting results were obtained. In highly acid soils which give a positive test 
for iron the titration is to a green or bluish green rather than a colorless solution. 
A pH of 5.4 is the turning point and the change is rather indefinite. However 
in titrating from colorless or green to red the color change is even yet more 
indefinite and in the highly mangatriferous soils considerable acid may be added 
without changing the pH. For example, an acid reacting soil containing 7 per 
cent MnOj, having a pH of 5.9, on titrating with alcoholic N/10 sulphuric 
acid still showed a pH of 5.6 after adding 120 cc. and the red color of Fe(SCN )3 
had not yet appeared. The observations noted above are of considerable value 
in interpreting the role of manganese in the acidity of our manganiferous types. 

DISCUSSION 

In attempting an interpretation of these data the results show that the acid 
soils of. the humid districts will contain considerable acid reacting organic matter 
of high potential acidity not indicated by the H ion concentration. Such types 
will usually show a very high lime requirement, but not necessarily a low pH. 
Other factors such as absorption or adsorption, presence of silicic acid, complex 
acid-reacting silicates and hydrolysible salts of aluminum, iron and manganese 
appear also to be a factor. 

In ascertaining' the role of these elements their presence is usually sought in 
the salt solution extracts. Table 5 gives the per cent iron and aluminum oxides 
present in the potassium nitrate, or Hopkins method extract, and the potassium 
acetate or Loew method extract of these i^oils. 
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Table 5 . 


Showing per cent PejOa, AlaOj in the Salt Extracts of Acid Soils 


Soil. No. 

pH. 

KNO3 

KC2H3O2 

848 

4.63 

.228 

.183 

849 

4.80 

.220 

.192 

367 

4.88 

.043 

.017 

399 

4.97 

.044 

.024 

765 

5.56 

.082 

.027 

186 

5.73 

.085 

.056 

187 

5.98 

.073 

.022 

621 

5.98 

.100 

.086 

409 

6.32 

.189 

.180 

734 

6.66 

.072 

.097 

722 

7.00 

.113 

.158 

408 

7.08 

.194 

.196 

872 

7.67 

.268 

.252 

3 

8.01 

.126 

.174 


It has usually been npted that (10) the aluminum content of the acetate 
extract is lower than that o-f the nitrate. This is explained theoretically by the 
difference in the hydrolytic products of the reactions involved, namely aluminum 
* acetate, of which the products of hydrolysis are aluminum hydrate, and free 
acetic acid and aluminum nitrate which is retained in solution as the acid salt. 
In the acid soils of pH 4.6 to 6.3 the iron and aluminum content is less than in 
the nitrate extract, while in the soils of pH 6.6 to 8.0 this relation does not 
hold. Judging from the color of the ammonium precipitate and qualitative tests, 
iron was present principally in the extracts of the more acid soils while scarcely 
more than a trace was to be found in the extracts of the soils of pH 6.0 to 8.0 
It should be noted that the extracts of the alkaline soils contained just as much 
or possibly more iron and aluminum than those from the acid soils. The forma- 
tion of acid salts is, however, inhibited by association with higher soluble lime 
content. 

This influence of easily soluble bases is apparently a very important factor. 
The solubility of silica and silicates is of some importance. The ratio of iron, 
aluminum and calcium to silica was determined by using N/5 nitric acid as a 
solvent and the Results are given in Table 6. 

Table 6. 

Showtag ItaH* of Eosily Soluble Buea and Silica as Measured by Solubility in N/5 

l^itric Acid. 


Ka- 

,%mx 


%Alt08 

%C80 

pH. 

Mg 

.180 

.032 

.468 

.438 

4.63 

m 

.187 

.026 

.558 

.386 

4.80 


.018 

.005 

A18 

..051 

4.88 

an 

.018 

.100 

.188 


4.87 

m 

.007 

.022 

1.S18 

.145 

5.56 



.042 


.423 

5.78 

♦ 1*7 

I m 

.m 

8 t8» 

441 

5.88 
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Boil No. 

%8i02 


%AJj,On 

%CaO 

pH. 

621 

.067 

.008 

.175 

.176 

5.98 

409 

.105 

.007 

.138 

.202 

6.32 

734 

.270 

.004 

.537 

.278 

6.66 

722 

.116 

.006 

.233 

.253 

7.00 

408 

.141 

.009 

.174 

.269 

7.08 

872 

.287 

.031 

.602 

1.045 

7.67 

3 

.493 

.011 

1.585 

1.185 

8.01 


It will be noted that in all types easily soluble, aluminum is far in excess 
of iron and highest in the highly organic soils. In general, all four constituents 
show wide variations in the different soil types and there appears to be no rela- 
tion between their ratio and acidity. Apparently, the mineral acidity or H ion 
concentration is not primarily entirely a function of the solubility of these 
elements, but rather a function of other factors which limit the formation of 
acid or basic combinations. 

Eliminating such abnormal types as 848 and 187 and considering only those 
in the series which are more typical of the average island soils, there is a 
tendency toward decreasing solubility of aluminum compounds, less so the iron, 
and an increase in soluble calcium compounds with decrease in H ion con- 
centration, This ratio probably has an important bearing on the mineral acidity 
or acid-reacting compounds of these elements. 

EVIDENCE OF MINERAL ACIDITY OR PRESENCE OF ACID 
REACTING INORGANIC COMPOUNDS. 

As previously noted in the ammonia precipitates obtained on the nitrate and 
acetate extracts, only traces of irorj were present even in soils 848 and 849, both 
of which gave strong tests for iron salts by the Comber method. This type of 
acidity is greatest in the heavy clay soils in which drainage is poor and aeration 
low and of which the above two samples are typical. Iron, then, is not an im- 
portant factor in the acidity of average island soils and its activity is confined 
to the most acid types, and even in these evidently plays a secondary role to 
aluminum. 

Manganese, on the other hand, is a factor only in those soils of low acidity. 
Of the manganiferous samples examined, the pH values were all 5.9 or higher. 
It was noted also, in an examination of the subsoils from these types, that in 
all cases the subsoil was of a lower H ion concentration than the top soil. 
Expressed in pH values the difference was .6 to .9 pH less acid. Judging from 
the relative positions of calcium and manganese in the electromotive series one 
would theoretically anticipate such to be true. The calcium apparently replaces 
manganese in the soil solution, the latter usually occurring in these soils deposited 
on the soil grains as a coating, while the characteristically open texture of the 
manganiferous soil favors the leaching of lime into the subsoil. 

Aluminum is present in easily soluble form in all island types, highest in the 
humid districts and lowest in the arid. Apparently one of the principal roles 
which lime plays in Hawaiian soils is in its relation to the acidity of aluminum 
salts which appear to be present in available form even in the alkaline types. 
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This is best shown by the progressive increase in per cent lime soluble, in water 
saturated with CO, with increase in pH, and the further fact that aluminum 
* appears to be prdisent in equally available form in the acid and alkaline soils, 
since aluminum may be pre^mt either as an acid, or basic salt, depending upon 
environment. It is significant that soil 186 represents a comparatively unpro- 
ductive area, much more so than 848, for example, although the latter is a 
much heavier soil and very poorly aerated. It has been found that phosphate is 
much more available in the lowland sections of the Islands than in the uplands. 
The principal inherent differences in the soils from such districts are higher 
acidity and lower lime content of the latter, and a greater rainfall. An investi- 
■ gatitHi of these phenomena indicates that in the absence of lime in the more acid 
upland soils phosphoric acid has combined with aluminum, which compounds 
have become hydrated and hence less available as there is no consistent difference 
in the total phosphate content of upland and lowland soils, the principal variation 
bdng in the availability. It is believed that these facts lend some indication of 
the presence of acid mineral salts and that they are a factor in the acid reaction 
of island types. 

The importance of silica as a factor in this acidity appears to be, at least, 
closely related to that of alupiinum. Silicates are present in Hawaiian soils in 
a comparatively soluble form, as is shown by its presence in the island streams 
and its solubility in the dilute and strong acid extracts of the soil. It will be 
noted in Table 4 that the lime requirement as determined by potassium acetate is 
greatly in excess of that shown by extraction with a solution of potassium nitrate. 
In the case of aluminum silicate the acidity from potassium acetate is due entirely, 
to acetic add formed from the hydrolysis of aluminum acetate. There results 
a greater acidity than where acid salts are formed and relatively less aluminum 
in solution. 

Also when anhydrides become hydrous there is a greater tendency to assume 
acid or basic properties. This would apply to oxides of iron and aluminum as 
well as silicates and it is evident therefrom that these compounds are more or 
less amgthoteric depending upon environment. In our humid districts, or those 
in which rainfall is heaviest, there has been noted a rapid leaching of lime. 
Where present as a double silicate of calcium and aluminum there may result a 
complex aluminum silicate containing no lime and of more acid tendencies. 
Soluble forms of lime have been found to be very low in the soils from these 
districts. The acid or alkaline state of aluminum silicates will depend upon the 
^dunt of water of hydration and ratio of silica to alumina. Conner ( 10) found 
ignition . de^roys the add-reactihg properties of clays as determined by 
libiB ilt^^ns method. Loss of water of constitution therefore lowers the acidity 
altu^Uin silicates. He found that those silicates of low water of combina- 
fibsi were not apid and that those containing considerable w^tor and dlica wete 
A|>)^,ng these dieories to istand soils we find di^soils from the 
, diatildft of lour n^fall to be low in addity, while the reverse is true of the 
1bpa^,i^ricts. Examples of the former am soils 621, 408, 409, 
186, 182 wiB ilittstrate the tottorr^^ilie highar organic 
d«it|;.;,howev«r, not ^he'dverloc^baf. ilie largest 'inimid'dis- 

seeioQ Island', of Hawaii. 
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Available lime and* potash are low in this section and water of constitution or 
hydration is high. The moisture content of the air-dry soil is often as high as 
25 per cent and the maximum water holding capacity over 100 per cent. Sucli 
conditions actively favor the formation of acid aluminum silicates. * TTherjj is a 
progressive decrease in rainfall from the Hilo section of this coast to tl^ Kohala 
district at the northernmost extremity of the island. Accompanying this decrease 
in rainfall there is a decrease in maximum water-holding capacity, water of 
hydration arid acidity of the soil, all of which lends proof that the acidity of 
our humid districts is due in a large measure to alumino-silicic acids or acid 
silicates. In the drier sections where the cane is grown under irrigation, rainfall 
being too low to support maximum growth, we find more lime present in soluble 
form^ and that in these more or less arid districts there is decidedly less response 
to potash fertilization. It may be of interest to state that the water of hydra- 
tion is lower in the soils from these districts, the moisture content of the air-dry 
soil usually being within the range of 5-10 per cent. We have under these con- 
ditions more active double silicates of potash, lime, soda, and magnesia which 
partially prevent the formation of the alumino-silicic acids through neutralization. 

SUMMARY 

In this paper are reported the results obtained on application of the Hopkins. 
Jone<. Loew, Carr, Truog, Veitch, Hutchinson-MacLennan, Lyon-Bizzell, Con- 
ner. Rice-Osugi, Hollemann, Imniendorf and hydrogen electrode methods of 
dc'.crmining soil acidity as applied to highly basic laterite soils. 

While some comments have been offered regarding the merits of these 
methods on such soil types the main purpose has been to interpret therefrom the 
nature of soil acidity in our i.sland .soils. 

In the humid districts acid-reacting organic matter is an important factor, 
while in those sections of low rainfall this is true to a much’ less extent. 

Mineral acidity is due in most part to aluminum salts and alumino-silicates, 
the later predominating in the humid districts. Iron is a factor only in the very 
acid soils of pH 4 to 6 while manganese is a factor. only in the less add types 
of pH 5.5 to 7. Water of combination or hydration is also an important factor 
in all types. 
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Notes on Seedling Work — 1923 Oahu Propagation. 


Bv Y. Kutsunai 

In October, 1922, several trips were made to learn the tasseling conditions 
in respect to seedling work. About 4,400 tassels were collected between Novem- 
ber 22, 1922, and January 22, 1923, a period of two months. About a quarter 
of a million seedlings germinated. About 100,000 were transplanted, and of 
these 40,000 were sent to Manoa substation, 25,000 to Waipio substation, 15,000 
retained at Makiki, and 3,000 sent to Vineyard Street nursery. A few flats, 
each containing three to four thousand seedlings, were given to Ewa Plantation 
Company and Kamehameha School. At the end of April, 1923, Waipio and 
Makiki had finished planting seedlings, while the Manoa substation had put out 
about 10,000 of them. 

Details of this year’s seedling work are here recorded: 

Plan 

This year, cane seedlings for unirrigated mauka fields were to be the major 
object and as many as possible were to be grown. Seedlings for warm, irrigated 
fields, and other special seedlings were to be grown on a small scale. Accordingly, 
the following plan was adopted : 

(1) As many tassels as possible to be collected from the following: 

Red Tip, 

Striped Tip, 

Yellow Tip, 

Other mauka canes. 

(2) Tassels wanted in small quantities: 

H 109, 

Striped Mexican, 

Lahaina, 

D 1135, 

• H 5978. 

(3) . Special tassels wanted for ^q)eci(d reasons : 

Uba, 

Badfla, — . . 

» 109 1918 O. P., 

^'*ll9altive 
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General Survey of Available Tassels 

In October, 1922, extensive trips were made throughout the island of Oahu 
to locate fields in which the above tassels were likely to be available. Permis- 
sion to secure tassels from these fields was also sought. Conditions found were: 


Tassels of Availability. 

Striped Tip Very few 

Yellow Tip ; None 

Red Tip None 

H 1801 Many 

H 3001 Very few 

H 109 Many 

Striped Mexican Very few 

Lahaina Many 

D 1135 Many 

H 5978 Many 

Uba Very few 

Badila Many 

H 109 Seedlings, 1918 O. P Very few 

Native caiics Very few 


In view of the shortage of Tip tassels, Mr. W. C. Jennings, of Kohala, was 
requested to supply Makiki with Tip tassels in exchange for some of the tassels 
abundant on Oahu. 


Choosing Field For Cutting Tassels 

Spots were chosen where two desirable varieties grew near each other, 
preferably the pollinating variety to the windward side, developing tassels a little 
earlier than the variety to the leeward side where the tassels were to be cut. 
The following fields were chosen from this standpoint : 


Mother Variety. Field. 

H 1801 Makiki field 11 

H 109 Honolulu Plantation Co. field 26 

H 109 Ewa Plantation Co. field 25 A 

H 109 Makiki field 2 

H 109 3 

Striped Mexican Waipio substation field 37 

Lahaina Honolulu Plantation Co. field 26 

B 1135 ‘‘ 12 

H 5978 Makiki field 11 

Uba Federal Exp. Station field 

Uba Makiki field 12 

Badila Ewa Plantation Co. field 25 A 

H 109 Seedlings .Makiki field 18 

Native canes ** 12 

Striped Tip Manoa field 6 


That there should be two or more varieties flowering close together and at 
the same time for proper development of seeds (caryopsis) of sugar cane was 
clearly brought out by H 109 seedlings grown at Makiki in 1918, and 1923. On 
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December 28, 1917, in an Ewa field of solid H 109, 400 tassels of H 109 were 
cut from which only two seedlings of any value were obtained; on the other 
hand, 150 tassels of H 109 cut on the same day in Waipio field O, where other 
varieties were blooming at the same time, gave 45 strong seedlings, showing a 
ratio of 5 to 300 seedlings per 1,000 tassels. On December 8, 1922, in Ewa 
field 25A, 135 tassels of H 109 were cut on the leeward side of other flowering 
varieties and planted in comparison with 15 tassels of H 109 which had no other 
variety in bloom to the windward side. Forty seedlings per tassel were 
obtained from the former while 2 seedlings germinated per tassel of the latter, 
giving a ratio of 20 to 1. 


Tasseling Season 

The tasseling season opened November 1, 1922, and closed about the middle 
of January, 1923, a period of two and one-half months. In general, the tassels 
appeared in the following order: 

H 1801 
H‘5978 
D 1135 
T.ahain.a 

moo ^ 

8tri]H*(l Mexican 
Yellow (\Ueflonia 
Badila and Uba 

The time of tasseling was affected by the vigor of the cane. Sticks that 
had made good growth tasseled earlier than the stunted sticks, but those that 
had been very much forced failed to tassel entirely. More and eafjwt ,ta< 5 sels 
appeared along the ditches, and the leeward edge of the fields, 

Cutting Tassels 

Cane tassels take about a month to ripen after appearance^ as shown by the 
following averages : 



Emergence 

Pollen sacks opened 
Btigmas .opened . . . • . 
Bipened * . < 


Tip of Ths*8o 1. 
let dsv 
7th day 
9th day 
24th day 


Middle 
7th day 
10th day 
12th day 
27th day 


Bottom 
lOtli day 
12th day 
15th day 
SOth day 


Each variety had its own peculiarity in this respect, but there was not much 
deviati<m from llie above table. * 

Tassels were deer^ed ripe when the fuzz would fly away at a gentle shaking, 
and tibc atifhs ol the taissels developed straw yellow when the tassels became ripe. 
Thii chM^e of eoloir was not noticeable in red cafles like D 1135, Badila, and 
|te4 Tip, Yotti^ tassdls appeared pinkish bn accoutfTOf presence of active 
SlUittls; when ^riled, the tassels beemne whiter. When in doubt a small quantity 
fuat was rolled forcibly in the pate» of the hands and examined with 

-I 4 tie 
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a pocket magnifier of 8 to 20. diameters, to see whether or not the seeds had 
dried enough to resist crushing. This method was also applicable in deter- 
mining, roughly, the quantity and quality of the seeds present in the tassels. 

The cutting party was composed of two men, equipped with an eight-foot 
trimming pole, a number of empty flour sacks that had previously been washed 
clean and dried, a number of shipping tags, twine, a note book, etc. One man 
cut the tassels at a point about a foot below the lowest fuzz branch, and the 
other man collected five to ten tassels, in each sack. If the tassels were cut a 
trifle too green, low cutting, that is, one or two joints left on the tassel, 
would help maturing. On the other hand, if the tassels happened to be overripe, 
fuzz only could be collected in the field. The sacks containing the tassels were 
hung in an airy room and dried for from one to three days. 

Immediately after a shower the standing tassels in a field remained closed, 
so much so that it was extremely difficult to observe whether or not the tassels 
were ripe enough for cutting. Moreover, the very wet tassels often heated up 
and became moldy in the sacks, without properly drying. If the wet tassels 
have to be cut they should be hung in small bundles, or loosely, in a well venti- 
lated room. 

Early Ta.ssels vs. Late Tassels 

Effort was made to obtain an abundant supply of tassels as early as pos- 
sible, partly to speed up the seedling work and partly to insure successful ger- 
mination by increasing the chances of trying out a large number of sample 
tassels. Tassels standing in a field are subject to the disastrous rain and wind 
storms which usually occur towards the middle or the latter part of the tasseling 
season. If an approaching storm could be foretold, tassels should be hastily 
collected, even if a trifle too green. Germination from the earliest tassels was by 
far the best, from the standpoints of both vigor and number of seedlings. 

Tasset.s Collected For 1923 Oahu Propagation 


T.ot No. 

Parent Cane 

Plantation. 

Hate 

Cut. 

Number of 
Tassel R (Uit. 

1 

H 1801 

MakiRi 

Nov. 

22 

5 

2 

i t 

1 1 

i t 

23 

00 

3 

< t 

i t 

t ( 

23 

25 

4 

1 1 

tt 

i { 

24 

77 

5 

t< 

ti 

i ( 

24 

8 

6 

ii 

ti 

t i 

28 

243 

7 

H 8901 

i i 

1 1 

28 

1 

8 

K 8910 

it 

t < 

28 

12 

9 

H 8913 

it 

i t 

28 

4 

10 

H 8991 

it 

i t 

28 

1 

11 

H 89102 

i t 

t ( 

28 

1 

12 

D 1135 

Aiea, Field 12 

i ( 

30 

173 

13 

H 5978 

Makiki 

i { 

29 

73 

14 

Sir. H. 109 

i t 

a 

29 

12 

15 

H 8901 

a 

Dec. 

2 

3 

16 

H 8910 

a 

< t 

2 

5 

17 

H 8911 

it 

it 

2 

3 


4 
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hoi No. 

Parent Cuae 

Aiea, Field 12 
Makiki 

Date 

Dec, 

Cut. 

2 

Number of 
Tassels Cut, 

38 

H 8961 

a 

it 

2 

2 

19 

H 8994 ^ 

tt 

it 

2 

5 

20 

H 109 

Ewa 25A . 

it 

3 

15 

21 

K 109 

i< 

1 1 

3 

18 

22 

Htr. Mex. 

Manoa 

it 

5 

15 

23 

H 8901 

Makiki 

it 

6 

3 

24 

H 8929 

i* 

1 1 

6 

9 

25 

H 8949 

i t 

i i 

6 

1 

20 

H 8961 

it 

t i 

6 

3 

27 

H 8994 

a 

1 1 

6 

19 

28 

H 8913 

tt 

1 1 

a 

7 

20 

H 8952 

it 

tt 

6 

11 

30 

T) 1136 

Aiea 12 

1 1 

6 

225 

31 

H 8985 

Makiki 

i t 

7 

7 

32 

H 8988 

tt 

1 1 

7 

6 

33 

H 8991 

it 

tt 

7 

12 

34 

H 80102 

tt 

1 1 

7 ' 

11 

35 

Kea 

it 

i t 

S 

3 

36 

* * Molokai * * 

i t 

1 1 

8 

3 

I.ot No. 

Pa root (\nK*. 

Plantation. 

Date 

Cut. 

Ninnber of 
Tessels Cut. 

37 

Laukonu 

Makiki 

Dee. 

8 

4 

38 

Pauole 

it 

1 1 

8 

1 

39 

Papna 

it 

t ( 

8 

1 

40 

Akoki 

1 1 

t i 

8 

5 

41 

Palani 

tt 

i t 

8 

4 

42 

Ke<i Tii» 

t i 

i i 

8 

IB 

43 

VnknowM Native 

tt 

1 1 

8 

2 

44 

H 109 

Ewa 25A 

1 1 

8 

135 

43 

H 100 

tt 

i t 

8 

15 

46 

H 109 

Aiea 26 

t i 

8 


47 

H 109 

Hawi 

No\. 

30 


48 

Mr, Mex. 

it 

Dee. 


'25 

49 

JStr* Tip 

it 

i i 

4 

25 

50 

U it 

it 

i t 

6 

25 

51 

Badila 8dlg. 110 

Manoa 

1 1 

11 

10 

52 

1917 0. P. 116 

it 

i t 

11 

14 

53 

H 3001 

tt 

i t 

11 

14 

54 

White Bamboo 

it 

ft 

11 

30 

55 

H 109 Pr. 94 

Makiki 

tt 

13 

15 

56 

68 

it 

i f 

33 

15 

57 

" << 163 

tt 

it 

13 

15 

56 

154 

it 

tt 

13 

15 

59 

155 

tt 

i t 

13 

15 

60 

156 

it 

tt 

13 

13 

61 

'' 157 

tt 

if 

13 

15 

«8 

78 

it 

it 

13 

15 

O 

‘ 15 

it 

if 

13^ 

15 

(k 

142 

u 

t i 

13 

15 

«s 

B 1135 

Aiea 12 

tt 

13 

175 

r 

While Bamboo 

Manoa 

it 

14 

40 

' «r 

Boae Bamboo 



14 

6 

i8 

H 109 

Makiki 

44 

15 

260 

* ^ 

a 1601 

Manoa 

4 4 

16 

232 


n 
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Lot No. 

Parent Cane. 

Plantation 

Bate Cut. 

Number of 
Tassels Cut. 

70 

Lahaina 

Aiea 26 

4 4 

17 

371 

71 

H 109 

it 

4 4 

17 

391 

72 

73 

D 1135 

Aiea 12 

4 4 

17 

415 

H 109 

Makiki 

4 4 

18 

630 

74 

H 109 

4 4 

4 4 

19 

400 

75 

Kea 

44 

4 4 ' 

20 

8 

76 

Laukoiia 

4 4 

4 4 

20 

7 

77 

Red Tip 

4 4 

4 4 

20 

8 

78 

Unknown Native 

4 4 

4 4 

20 

2 

79 

H 8961 

it 

4 4 

20 

5 

80 

H 8988 

4 4 

4 4 

20 

3 

81 

H 8995 

4 4 

4 4 

20 

6 

82 . 

H 89102 

4 4 

4 4 

20 

6 

Lot No. 

Parent Cane. 

Plantation. 

Date 

Cut. 

Number of 
Tassels Out. 

83 

La. Purpie 

H.nwi 

Dec. 

19 

25 

84 

Str. Tip 

Hawi 1 

4 4 

14 

100 

85 

Str. Mex. 

Hawi 5 

4 4 

19 

25 

86 

Hr. Tip 

Kohala P 2 

4 4 

18 

30 

87 

li 1135 

4 4 

4 4 

18 

120 

88 

Str. Mex. 

Hawi 5 

4 4 

19 

136 

89 

Str. Tip 

4 4 

4 4 

21 

145 

90 


Hawi 1 

4 4 

21 

155 

91 

Rose Bamboo 

Manoa 

4 4 

22 

9 

92 

Str. Mex. 

4 4 

4 4 

22 

4 

93 

K 3001 

it 

4 4 

22 

24 

94 

Badila 

Ewa 25A 

4 4 

28 

11 

95 

ITba 

Fed. Exp. Station 

4 4 

28 

1 

96 

M 9802 

Manoa 

4 4 

28 

12 

97 

Badihi 

Ewa 25A 

.fan. 

2 

2 

98 

Uba 

Fed. Exp. Station 

4 4 

2 

1 

99 

< ( 

Makiki 

4 4 

.3 

2 

100 

Badila 

Ew^'i. 25 A 

44 

3 

3 

101 

i ( 

it 

4 4 

3 

7 

102 

Str. Mex. 

Waipio 

4 4 

4 

33 

103 

Badiiu 

Ewa 25 A 

4 4 


16 

104 

ITba 

Makiki 

4 4 

9 

2 

105 

4 4 

4 4 

4 4 

15 

3 

106 

4 4 

a 

4 4 

22 

3 


Separating the Fuzz 

A sack was kept open by stretcihing the mouth with a few hooks. Into fliis 
were introduced one or two dry tassels, which were spun fast by rolling the sterns 
between the hands. The fuzz would fly off easily if the tassels were dry enough. 
Of course, the seeds would germinate without first drying, but subsequent 
handling would be difficult if seedlings were allowed to germinate on long 
branches of the tassels. The sacks containing the fuzz were properly labeled 
tied was not satisfactory, because of the confusion that might follow when two 
and hung on hodcs. Attaching the labels to the twine with which the sack was 
or more sacks were opened at the same time. Labels were sewed to the sacks 
and separate pieces of twine were used for tying. 
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Prepabation For Planting Fuzz 

I 

SoU At Makiki a mixture of two parts garden soil and one part 

coral sand was used. Hhi soil had been steamed for forty-five minutes and the 
sand had been washed diree tiimts, and then steamed for the same length of time. 
It was found imperative for the soil to be rich and mellow, to assure success. 
(On one occasioh the street car track was laid about the time of this seedling 
work and a quantity of the soil dug up by the track layers was tested, with very 
poor results.) In this connection it may be of interest to report that bare seeds 
were easily germinated on a filter paper moi.stened with distilled water and kept 
in a moist chamber. Seedlings grown in this way died, of course, in a few days 
after coming up. 

Flats. Flats were 12)4" wide, 24J4" long, 2)4" deep, inside dimensions, 
made out of box shooks of spruce. A flat required 1 piece 13)4"x26"xj4". 
2 pieces 12)4"*2)4"x?4" and 2 pieces 2)4"x26"xj4". Nine holes, one-half inch 
in diameter, were:drilled in each bottom for drainage. These flats were sterilized 
in boiling water before use. ■ At the same time, small pieces of burlap, say two 
inches wide and about <a foot long, were boiled. 

Fues Bed. The holes in the bottoms of the flats were covered with the 
burlap and then enough .soil mixture was put into the flats to bring the leveled 
surface of the soil mixture about one inch below the e<%e of the flats. The 
fuzz bed was prepared as needed. 

Planting Shed. A shed, or enclosure, was built to ward off the wind. The 
cane fuzz that would subsequently be handled in here was so light that it wotdd 
be blown away with the slightest breeze. In this enclosure was consfrtttitqd a 
crude table about two and one-half feet high. The ground tnuch- 

water without becoming muddy, hence part of a lawn was use;4 

Tools Needed. A rubber hose with a fine sprago^ nozzle 1|la^ing a’sprovision 
for stopping the water, wooden labels, brads, penc^^^amVtier, and towels, were 
provided. 

Planting 


A few flats containing the prepared soil mixture were placed on the planting 
table. A little water was sprayed in a fine mist onto the soil mixture, to make 
the surface moist enou^ to hold the cane fuzz. About one and one-half ounces 
of cane fuzz, representing three to six tassels, were spread evenly on one flat. 
Water was sprayed on; in a fine mist, until the fuzz became fully saturated, 
then the fuzz was tapped down %htly with the back or the palm of the hand, 
and more, water was sprayed on, to assure thorough moistening. The flat, 
after having been labded with the date of planting, the patentage of the tassels, 
and the lot number, ivas taken to a covered frame for geomination. 


^hh^o1loW.^^lliethDd gave excellent results with a small quantity of threshed 
see^*foi^ the^jpth'pDse of studying the manner of sprouting the cane seedlings. 
'Hfis was hanell^ hy the pineaf^le specialists along4lte Imes^that pineapple seed 
Ire handled. , 

germinate cane seed. , , 




*4 
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Sugar cane seed magnified thirty diameters. 

Variety H 109 

Apparatus: Moist chambers, two sizes, one to be used as platform in larger 
one, filter paper, blotting paper, cotton, distilled water, tap water, Hg CIj, 3 
beakers, tweezers. 

Method: (1) Out blotting paper the size of moist chamber and notch the 
edges. 

(2) Heat blotting paper and filter paper in oven for one hour at 100° C. 

(3) Sterilize moist chambers with Hg CIj (using small piece of cotton) 
wash them off thoroughly with tap water, then with distilled water. 

(4) Fill a small beaker with distilled water. 

(5) Place the carie seed in the beaker of distilled water and wash 
thoroughly by stirring with glass rod. Pour off this distilled water and add 
more. Repeat three times, leaving seed in the last water. 

(6) Take dishes, paper and beaker of seeds into the pathological transfer 
room and complete operations, 7, 8, 9, 10 and 11. 

(7) Put the sterilized blotting paper obtained in operation 2 on the inside 
inverted dish, with edges turned down, then place the filter paper on top of the 
blotting paper. 

(8) Pour some distilled water in moist chamber around edge of blotting 
paper. 

(9) Pour off the distilled water from the seeds and empty them out on 
the filter paper in the middle of the moist chamber. 

(10) Arrange the seeds on the filter paper in the dish, using tweezers, 
about ^ to 5^ inch apart. 


sun. 


(11) Place cover on moist fhamber. 

(12) Place covered dish'^on shelf in I glass-house out of direct rays of the 



Germinating - Frames 


The germinating frames were very sitnple cold frames, made in two styles. 
One style had a detachable cheesecloth cover below and a glass cover on top; 
the other -style had an unbleached cotton cover that could be rolled up. The 
covtrs in boih cases were made at a pitch of about six inches or more per foot 
to shed rain easily. In the frames were several 2x3 strips laid in such a manner 
as to hold the luaz flats about two inches above ground. Frames set on the 
ground were found to be just as good as those that were set about two and 
otieThalf feet iditove the ground. > 



‘I’'" j ' I ' * 

;* j ; .iffdiied to the fuzz dats in a fine 'Tipiity; usually .twice a day, 

[ The atnount of water was siunewhat regulated by the 
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Whenever there was a sign of rain, wind, or very bright sunlight, and 
always at the close of the day’s work, all the germination frames were covered 
properly for protection. Mere covering was not enough to protect the fuzz 
flats during the wind storm of January, 1923, and consequently the covers had 
to be fastened down so firmly that there were no loose ends to flap across the 
surface of the fuzz, nor glass covers to fly away. In a case of this kind it would 
be advisable to carry the flats into a substantial greenhouse. 



Frame for holding seedling flat’s, showing awning raised and lowered. 


Germination 

In from three to fifteen days, commonly four to seven days, tiny white 
specks appear which quickly turn green. The seedlings at this age were too 
small to be easily visible from above, but when the surface of the fuzz was 
seen across, the tiny sugar cane plants made their presence known without 
difficulty. 

Towards the middle of January, 1923, fairly cool weather prevailed, which 
retarded the germination very much, and heating of the fuzz flats up to 35° C 
was tried wifh good success. The “incubation” period, that is the duration of 
time between the planting of the fuzz and the germination of it, seemed to be 
much affected by the prevailing tenqierature and by the age and variety of the 
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th«ra (town if newssary. Every evwiing all the frames were closed to avoid 
unexpected accidents during the night. 

ilie flats were irrigated^once or twice a day. Sometimes water was cut off 
entirely for one or two days, depending upon die weather conditions. About 
three and one-half '^ms of ammonium sulphate dissolved in 150 c.c. of tap 
water was applied to each flat about a week after transplanting. Weeds, damping 
off fut^s, and cutworms, began to infest the flats. The weeds were controlled 
by hand picking, but the fungus and cutworms were held down chemically by 
the following methods:: 

‘ . Blue Green Algae and Damping Off Fungi 

Bltte grem algae are blue green slimy algae that grow on flats and afford 
an ideal protection fpr the starting of damping off ^fungi. The' latter attack the 
parts of the seedling below the surface of the soil. To check these, apply the 
fdtiSwing ^rdeaux' mixture to the soil surface: 

3 pounds quicklime, 

3 pounds cbpper sulphate, commercial, 

' , 50 galtos water. 

, .BisRolve quicklime in 2 or 3 gallons of water. Dissolve copper sulphate 
* also in'2 dr 3 gallons of ’water. Whenever the spray is needed dilute the quick- 
Kme^bd^tibti with water to 50 gallons less the amount of copper sulphate solution. 
If cppiperjetuip^e solution is 3 gallons, 50 gallons less 3 gallons, or 47 gallons, 
is Volume of' the diluted quicklime solution. Into this diluted quicklime 
add t^e copper sulphate solution in a small stream keeping the dilut^ 
quk^iqie sototion stirred. The stock solutions keep well, but the diluted 
Bordeanx mixture' as made above does not retain its effectiveness long.^ji, ,^^ 

Cutworms 

Small nocturnal moths fly to objects near the cane seedling flats and deposit 
eggs in batches covered with grey hair. The eggs hatch in about a week into 
veiy tiny cutworms, green or black in color and very difficult to see on cane 
seedlings. Sometimes the worms migrate into seedling flats from the surround- 
ing weeds. They diew the seeding voraciously. If , a seedling is found eaten 
a worm can be found not very far from-the spot. The worms fall off when the 
seedlings are touched, and therefore they can easily be caught and killed. 

A mikture of 45 grams of electro lead arsenate with five gallons of water 
is yeiy effective pgainst the worms. It is sprqyed in a fine mist onto the seed- 
lings. It is wdl to keep the mixture i^tated because the lead arsenate settles 
down ^idtly. The must be repeated as new Iraves grofr up. 

Witotiwef the moths and the egg masses are found they should be destroyed. 

"V ''POTtlNG 

|1S^ to she weeks alter transplantit^, dw seedtisp^lflae 4^ a 

were potted in paper pots containing a good soil 

i " 
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If there were only a few seedlings resulting from one lot of tassels, they 
were transplanted directly from the fuzz flats into pots. Some of the seedlings 
that had made a good growth in the fuzz flats were put into the ground, abridging 
the intervening transplanting, and gave good results. 

Most of the seedlings raised at Makiki were sent away in the transplant flats. 



The bed of seedlibg8 in the foreground containe plants that were placed directly 
into the ground inateaiii of drst being planted in pots. Some of these were transplanted 
directly after germination and part of them were first transplanted to flats. 


Paper Pots 

Paper pots were introduced in 1917, when there were more cane seedlings 
to be handled than the number of clay pots on hand, and gradually paper pots 
replaced clay pots. The pots now used are made of saturated asphalt felt No. 2. 
The 36rinch rolls are cut into rolls six inches wide, with a band saw. Gasoline 
is squirted on the band saw to prevent binding. The six-inch rolls are mounted 
on the cutter and cut into strips 6 inches wide and 15 inches long, these being 
made into tubes six inches high and about four and one-half inches across. Two 
paper clips are used on each pot to hold the lap together. No bottoms are 
attached to these. 
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Soil MiXTintE 


At Vineyard Street Nursery, a soil mixture of 50 per cent soil, 25 
per cent stid)le manure, 20 per cent leaf mold,- and 5 per cent volcanic ash, 
was u sed for potting, with great success. At Makiki a mixture of two parts 
garden soil, one part leaf mold, and one part coral sand gave moderate success. 
At straight soil of rather coarse texture was used with fair success. At 

other places a heavy adobe soil used in the pots made the growth of the seedlings 
very diflicult. Soil suitable for this work should be fertile, draining well, and 
porous eaot^ to keep good tilth. 



cutting paper to ueed in making pots for 
! ' seedllngB. 





, ‘ Potting Out 

»■ * a 

a we^ before potting, the soil in the transfd^t fl|ts was cut two 
ijUioiif the ratva oi seedlings, se^rating each seedling in the middle of a 
of a^Hr iMMt taotMlIfhately, or one day prior to potting, all the seedlings that 
threa M more in were trinuned of the leaves, 

ffoite ^ on a level CatOi^ was put in the 

pcftt to aadi^ good drainage. The pots fill^ With the 

A a pock of s^ attach^ iwks lifted from the trans> 
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plant flat, with the help of a putty knife, and was set in the half-full pots. 
More soil mixture was added, to fill the pot to about half an inch below the 
upper edge. Water was given immediately, and was afterwards applied once a 
day. If the potted seedlings showed distress they should be shaded for a while. 

A week to ten days later about one-half a gram of ammonium sulphate was 
applied with a wooden mustard spoon. Another dose followed this if the seed- 
lings did not make sufficient progress. 



• Cane ecedlings in paper pots. 


Pl.‘\nting in Field 


In six to ten weeks the potted seedlings grew to a height of one to one 
and one-half feet, a size suitable for planting in the field. 

Furrows were made in the field, four to five and one-half feet apart, 
according to the standard practice of the plantation in which the first field test 
was to be made. Holes six inches in diameter and about six inches deep were 
dug, two to two and one-half feet apart, in the bottom of the furrows. The 
potted seedlings that had been trimmed, if necessary, and amply irrigated, were 
set in these holes, then the paper pots were opened very carefully to prevent 
sudden disturbance to the root system and the adhering soil. The empfaL paper 
pots with the paper clips which were in good condition, were gathered 
to be used again. . * 
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About an ounce of ammonium sulphate or nitrate of soda was often applied 
in the bottom of the holes, previous to planting the seedlings. 

Immediately after jdaMing, a liberal irrigation was given, without fail. In 
fields where irrigation water was not available a rainy day was always utilized 
for the planting of the seedlings. If the seedlings showed the least sign of drying, 
that is rolling up of leaves, water was applied promptly. 

One or two cuttings were planted here and there throughout the seedling 
area, for the purpose of comparing the habit of growth with the standard cane. 

General Observations 

The heavy germination of the seedlings during this season was largely due 
to the favorable weather conditions which have occurred but once since 1913. 
In the following table the weather conditions for the month of December only, 
from 1913 to 1922, are pven, since the bulk of the germination was obtained 
in that month for the propagation of the ensuing year. 


Weather Recow) For 'December of the Previous Year at Honolulu 



Mean 


Total 

Highest Velocity 

Total Num- 

Propa- 

. Monthly 

Total 

Wind 

of Wind, 

ber Bocdlings 

gttttoa 

Temperature 

Baiufall 

Movement 

Miles per 

Planted 

Ifwr. 

Beg. F. 

Inches. 

Miles. 

Hour and Bate. 

in Fields 

IfifS 

740 

2.09 

0373 

32 on 23rd 

3684 

, 1914 

72.4 

0.62 

7269 

32 on 5th 

1275 1 

1915, 

71.1 

4.37 

5268 

34 on 19th 

4720 

- 

73.2 

9.18 

0187 

41 on 25th 

613 

1917 • 

m 

5.64 

0820 

34 on 10th 


■Jins 

^ 73.4 

4,04 

5789 

31 on 27th 

lOlWW' 



4,90. 

8092- 

53 on 3rd 

9002 



0,90 

6472 

37 on 3rd 

7891 


>3ir 

8,72 

6075 

37 on 7th 

48 

1989 

72.0 

6.12 

0355 

35 on IMh 

1045 

1923 

73,7 

0,60 

4996 

20 on 3rd‘ 

70000 


A constant strong wind, as well as a strong gale at a critical moment, seems 
to have chedced seedling work on many occasions. 

Spontaneous Seedlings 

A fidd road was plowed about the middle of December, 1922. The sur- 
roumUng cane tassels men shaking off about then and the see^ must have fallen 
on ffw flowed *area, because with the heavy rain of Januai|r, 1923, about two 
tliousan4 yduhg cane see^Bings sprang up over the road, spontaneously. Although 
Ihidr wehe toiaUy unknown, about a thousand of them were trans- 

into pnb. /Onnng pi^ious yedrs occamonal jeeiiBings have been noted, 
alotig jifitcbes wd ardcmd leaky hydrants, but there had not been the 
fin' so many natural aeedlmgs as during this season. 
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Green Tassels 

A patch of Badila was in flower on the leeward side of H 109, which had 
flowered a little earlier than the Badila. The prospect for obtaining crosses 
between Badila and H 109 was very good indeed, but the plantation had to 
harvest the Badila about ten days before the tassels could ripen. In order to 
save the tassels the following methods were tried: 



Voluntaiy Bcedliugs of sugar raiie whieh sprung up by thousands. 


(a) Tassels were cut with about a' yard of the stalks left on ; they were car- 
ried to a nearby ditch, the cut end was again cut under water, and the tassels 
were left standing in the running water. 

(b) Some stools with tassels were dug with a good deal of adhering soil and 
left standing in a ditch. 

(c) Some tassels were cut as in (a), but instead of leaving them in the 
ditch they were transported about 20 miles and kept standing in a tank, in which 
the water was changed daily. 

(d) Some stools were dug as in (b) and transplanted in a field some 20 
miles away. 

All the tassels (Stained from the above four lots failed to germinate. 
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SppCIAL Seebolings 

The latter part of November, 1922, th^ tassels of Uba* began to emerge at 
tile Federal Experiment S&tion field, and a few. days later, probably December 2 
or 3, the Uba in Makiki field b^n arrowing. Windbreaks were built around 
the flowering Uba at the two stations in order to protect the delicate tassels 
frwn the action of violent winter storms. 

About twenty young tassels were brought in to Makiki from Oahu Sugar 
Company fields once every two or three days for supplying pollen grains, to be 
dusted on the Uba tassels. The D 1135 tassels were cut with one to two feet of 
the stalks before the opening of the stigmas; the cut ends were either wrapped 
in moist towels or inserted in a bucket of water; the tassels were covered and 
tied and carefully carried to the Makiki laboratory. At Makiki the cut ends 
of the stalks were cut under water, and the tassels were left leaning against a 
table in a quiet but well ventilated room. In one to three days the pollen grains 
were shed, which were caught on glazed black paper spread on the table and 
under the tassels. The pollen grains were brushed into a cup having a cover, 
taken out to the field and .the Uba ta.ssels with the open stigmas were literally 
painted with the pollen grains by means of a soft brush. This work was in 
• cooperation with Dr. L. O. Kunkel. 


Results of Uba Tassels 



No. of 

Bate 

Date 

No. 

Lot No. 

Tassels 

Planted 

Germinated 

Germinated 

95 

2 

l)e<S. 29 

Jan. 6 

2 

98 

1 

Jaiii. 3 



99 

2 

“ 5 



104 

2 


dan. 28 

3 

105 

3 


<( 26 

.7 

106 

3 


Feb. 20 

V' . “2 


The fuzz flats were heated for a considerable time during the cold spell of 
January, with good results, especially with lot number 105. 

The Uba seedlings were extremely delicate and did not stand handling well. 
Five seedlii^s only were 'successfully planted out to, the field at Makiki. They 
weret one from lot numtfer 104 and four from lot number 105. 


Closing Remarks 


Tasst^^ seafSn m%^ last three months, Imt collecting season could not 
tie ti|sui three weeks, during which lime thib sladjg “Get it while the 

' ai^es with particuUir force to cutlii^ ^ass<ds, because no 

and i^unsbdctng care coiild, according to eseperimee^' overcome 
' _ tassels seedling work.^ ^ 

ttot'lHtia' identified ns the same' 



245 


Cane Varieties in Hamakua. 


Honokaa Sugar Co. Exp. No. 7, 1919, 1921 and 1923 Crops. 

In this test a comparison was made between D 1135, H 109, Yellow Cale- 
donia, and Badila. Three crops have been harvested, one plant and two ratoon. 
The experiment is located” in field 18 at an elevation of 1,000 feet, and is just 
makai of the government road, near the Honokaa village. The field is not irri- 
gated. The 1919 and 1921 crops were 25 months old when harvested, and the 
1923 crop was 19 months old. 

The results obtained are given in the following table: 


Total Tons 

Tons Cane per Aero. .\verago Sugar from 

Variety 1019 Cro;>. 1021 Crop. lOS.l Crop. Q. R. Three Crops 

1) 1i;}5 54.1 X\.2 28.;i 0.26 12.4S 

H 100 45.0 21.0 S.2 8.74 0.50 

Radila .‘iS.l 27.0 10.5 0.05 8.40 

•yell)\v Cjiledonia 31.5 10.1 8.0 8.53 0.04 


Variety Test 

Honoma Sugar Co. Ear T, 1919, i 9ZI jt 1923 crops 



The above results show D 1135 to be far superior to any of the other 
varieties. This is especially the case in the ratoon crops. In the second ratoon 
crop the other three varieties were practically complete failures while D 1135 
did pretty well, and on account of its ratooning powers was a much cheaper 
cane to raise. 

As plant cane H 109 did fairly well, producing 45 tons of cane per acre, 
but it did not ratoon, the last crop producing but 8 tons of cane per acre. 

• Under adverse conditions D 1135 is showing itself more and more to be 
our best ratooner up to elevations of about 1,500 feet. We strongly advise all 
plantations having trouble with their ratoons to give D 1135 a thorough trial if 
they have not already done so. . , 


s 
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Details of Experiment — V ariety Test 

abjfo*: 

Cottip&ring Yellow Caledonia^ D 11^5^ H 100, and Badila. 

Xiocfttiiui* ^ 

Field ISf eleirittioii about 1,000 feet. 

Ofop; 

Beeoiid ratoona long, pnevioui crop karveated July, 1021* 

Ziorottt; 

K'umber of plots: S8. 

I5i«e of i^ota: 1/10 aefe eaeh, oonaiatiitg of 6 linos, eaek row 4%' wide n»d Idl 1/3' 
long* 

flita: 

Fertilization uniform to all plota same as to the rest of the field, to bo done by 
piniitatiou. J. A. V, 


Thinning Sugau: Cane. 


By J. A- Verret 

It is a well known fact that a field of cane three to six months old contains 
many more cane stalks than will be found at harvest. A field of mature cane 
hardly ever contains more than three stalks of came per running foot of row. 
The average is generally below three. In young cane one finds dglit to ten 
stalks or more per running foot. Some of these stalks attain fairly large size 
before dying. These stalks use up plant food while living and are growing in 
competition with the stalks which are to live to maturity. It would, therefore, 
seem logical to suppose tliat if these stalks were prevented from growing at all, 
the original stalks, not liaving so much competition, would have a larger growth 
and increase the final yield of the field. These cane stalks, which grow a few 
months and then die, must have the same effect that an equal amount of weeds 
would have. 

Recently a visitor to the Station, from Formosa, stated to the writer that 
it is the practice there to cut out about 30 per cent of the your^ cane shoots 
during the second hoeing. That would be in cane two to three months old. 

With the idea of trying oett the value of thinning sugar cane in an experi- 
mental way, a small test was conducted here at Makiki. For this purpose an 
area coiisietu^ of seventeen lijies was used. The cane was first ratoons. The 
original planting was fvom one-eye seed, spaced two feet in fite row. When 
harvested at the age of tw^ve months, this plant cane had 6.77 stafles per stofl4, 
or 3.38 stalks per mtufing foot, four monrtlts i;^d, ^is same cane had 

a^t eighteen, stalks per stool. , ^ 

In conducting tlfis experim e nt the ratoons were thinned down to eight stalks 
per idioof, ffds hehig done when ffie otfw was l^ee months «fld. The e^gld: faigest 
sislks in eadi ahxd ivere kept and the others cut away. Any new dhoois appear- 
h|g tteMatqred. The chedk plots were allowed tcTjpi^Ttt'a natacai way. 

^THacMOe wosliaryested when twelve monffis eld. The rerndts shewed a loss 

< £foi^ thkmi^lM in the ftdlowing taMei^' 
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Todh Av. Ntt. Av. No. Av. Av. 

Cane of Htalke of Stalks Weight Weight 
Treatment, l>cr Acre. per Foot, per Stool, per Stalk, per Foot. 

Not tMnned 55.7 .5.90 7.80 3.31 12.90 

Thinned 50.5 3.52 7.04 3.34 11.75 


The above results show a difference of five tons of cane per acre in favor 
of not thinning. This difference in yield is due to the fact that the thinned area 
had less stalks of cane at harvest. Although the stalks in the thinned area were 
slightly heavier, .03 pound per stalk, it was not enough to make up for the 
lesser number present. In the thinned area we harvested 7.04 stalks per stool, 
the mortality after thinning being 12.5 per cent. In the unthinned area the 
mortality was 50 per cent. It is possible that different results would have been 
obtained had the thinning not been so severe. We plan to repeat the test along 
these lines, leaving, say, five stalks per foot instead of four. 


The Availability of Iron in Manganiferous Soils 


By W. T. McGeorge 

Plants which do not make normal growth often develop a chlorotic condition 
of the leaves usually attributed to certain nutritional disturbances. Such a con- 
dition is more often noted on calcareous soils although other factors have been 
cited. Of the latter the chlorosis of pineapple leaves on plants grown on the 
manganiferous soils of Hawaii is an example. 

In an investigation of these manganiferous areas and the nutritional disturb- 
ances of numerous plants grown on the.se soil types, Kelley ( 1 ) has reached the 
following conclusions: “From these evidences we may believe that the effects 
of manganese are largely indirect and are to be explained on the basis of its 
bringing about a modification in the osmotic absorption of lime and magnesia, 
and that the toxic effects are chiefly brought about through this modification 
rather than a direct effect of the manganese itself. * * * The per cent of 
lime is increased while the absorption of magnesium and phosphoric acid is 
decreased * ♦ * ; in practically every instance a modification of the mineral 

balance was observed and this was found to follow the same direction ♦ >t' * 

regartUess of whether the plant showed a toxic effect.” 

Gife (2) has noted a development of chlorosis on pineapple plants grown 
on calcareous soils in Porto Rico. He found the application of iron salts to 
the leaves to be very effective and to induce normal growth. 

, Johnson (3) on the basis of Gile’s wqrk applied solutions of iron salts to 
the leaves of pineapple plants suffering from chlorosis on the manganiferous areas 
in Hawaii and noted a return of the plant to normal growth. While he appears 
to have published no record of laboratory investigations he concluded that the 
chlonosis was due to a lockup up of the iron by the manganese in an unavailable 
form in the soil. By a recalculation of a selected part of Kelley’s data he then 
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procMded to substantiate his interpretation by showing a lower iron content in 
those plants which had become chlorotic. A study of Kelley’s data in toto (1) 
does not indicate such to, be true. The iron content of the ash of all plants 
analyzed shows considerable variation but no consistent relation to the man- 
ganese content of the soil. This is especially true of the pineapple plant of 
which Kelley made four analyses and of which only one, that cited by Jc^nson, 
showed an appreciably lower iron content in the plant grown on manganese soil 
as compared to that grown on a normal soil. 

In a recent study on the nature of acidity in Hawaiian soils, the writer has 
noted certain peculiarities which may throw some light on the chlorosis of pine- 
apple leaves grown on these manganiferous areas. Hawaiian soils, while char- 
acteristically basic, that is very high in iron, aluminum and manganese oxides, 
which are often in excess of silica, are usually acid in reaction. The iron con- 
tent of these soils, expressed as FegO*, varies greatly and usually falls within the 
range of 20-40 per cent. This is true of the manganiferous areas as well as 
other types. 

In a study of the relative acidity in manganiferous and non-manganiferous 
types samples of soil and subsoil were taken representing both types. The 
acidity expressed as pH is given in the following table : 

Table 1. 


Showing Acidity of Two Soil Types Expressed as pH.* 



Soil No. 

%Mn 304 

Soil. 

pH 

Soil. 

%Mn 304 

Subsoil. 

pH 

Subsoil. 

1. 

Manganiferous 

7.3 

5.9 

3.5 

6.5 

o 

i < 

4,5 

5.9 

3.0 ^ 

6^ 

3. 

*( 

4.7 

6.0 

3.9 

6.7 

4 

Non*innnganiferous. . . . 

• • . . . 

6.6 


6.5 

0 

i f 

. • • . 

5.9 


6.1 

0. 

(4 

. . . 

4.5 

, , 

4.3 


I 

1/ 


The manganese content of the non-manganiferous samples was not deter- 
mined, but soils from the locality usually contain less than .5 per cent. The 
characteristic color of the manganese type is a chocolate brown, changing to a red 
subsoil at eight to twelve inches. Thi lower manganese content of the subsoil 
is typical. The above subsoil samples represent the depth below change of cedor 
to two feet. With change of coior there is also a notable change in physical 
texture, the top soil being much more granular or, better, more silty. This may 
be attributed to the deposition of manganese upon the soil grains thereby 
increasing their size. It is typical of the manganese type ifet the manganese 
i$ present as MnO, in the form of concretions or deposited as a film on the 
aufiace q£ the soil grains. 

, , f ' 


AH ^**^*'"**?* la terms idr pH, water belay practicidly neutral is 

a value pH ?.0 (neutrality). Values below 7 ia^kate a«i«ty, diminislilng pH 

la*4Wj% Wr most .'aeld soils boiag about 4A Values above f Indicate an 
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The interreaction between metallic elements in solution is governed theoretic- 
ally, at least, by their relative positions in the electromotive series, each element 
replacing another standing lower in the series until a certain equilibrium is 
reached. The relative position of the more important elements present in the 
soil is as follows ; potassium, sodium, calcium, magnesium, aluminum, manganese, 
iron. It must be admitted, however, that in a soil other factors such as hydrolytic 
action, basic replacement, and double decomposition must be considered. Yet it 
is evident from the above that iron standing lowest in the Series should be present 
in less concentration in the soil solution and that calcium and aluminum should 
exercise a greater displacing action than manganese, being higher in the series, 
and should further displace manganese itself. 

In studying the relative solubility of iron and manganese in these acid soils 
it was found that iron salts were present in highest concentration in those 
soils of pH 5.5 or lower ; that manganese is a factor principally in those soils of 
pH 5.5 or higher. This applies to all types regardless of the actual manganese 
present in the soil, that is whether high or low. 

Now, with commercially grown crops here in the Islands, those which appear 
to, produce normal growth on highly calcareous soils also grow with least dis- 
turbance on the manganiferous types. Reference is made to sugar cane and 
sisal (Agave Sisalana), more particularly the latter. Until a recent date there 
were two sisal plantations on the island of Oahu. One was located in the coral 
areas practically devoid of soil, and the other in the heart of the manganiferous 
areas. Plants grew normally in both but slightly better on the manganese soil, 
due to better environment. Johnson has noted (3) that the calciphilous legufties 
being among the most strongly affected on manganese soils proves this element 
to be the cause of the chlorotic condition. He fails to point out, however, that 
Crotolaria, one of the most widely distributed legumes in the Islands, grows 
luxuriantly on the manganese soils (1). This seems more tenable from Truog’s 
work (5), in which he found all degrees of lime requirement in legumes as well 
as non-legumes. ' 

Gile (2) found that it was possible to obtain a normal growth of pineapples 
on a soil containing approximately 30 per cent lime by heavy fertilization with 
stable manure. Kelley (1) found the same to be true on the manganese soils. 
The form of manganese present in Hawaiian soils is extremely soluble in organic 
acids. It hardly seems tenable that the fertility of these soils would be increased 
by heavy applications of organic fertilizers if the toxicity is due directly to 
manganese: 

In studying the relation of iron, aluminum, manganese, and lime to soil 
acidity in Hawaiian soils, it was found that as compared to aluminum both iron 
and managnese appear to be only a small factor in determining the reaction, 'fhe 
aluminum content of these soils is approximately equal to that of iron, but in 
measuring the solubility in dilute mineral acids and other weak solvents, alumi- 
num is dissolved in considerable excess. This also is in agreement with the 
rpspective position of these elements in the electromotive series. Also, there 
fe a direct relation between the solubility of lime and acidity. In the following 
table is shown the relation between the per cent lime soluble in water saturated 
with CO 2 (shaking 1 part soil to 5 parts water) and pH : 
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Table 2. 


Bkowing of Lime to pH in Typieul Hawaiian Sail* 


Soil No 848 3«7 399 765 18fi 621 722 872 3 

pH 4.63 4.88 4.97 5..56 5.73 5.98 7.00 7.67 8.01 

%VaO 008 .009 .013 .015 .017 .023 .033 .081 .131 


The interpretation seems tenable from the above data that lime is closely 
related to the concentration of the elements iron, aluminum and manganese in 
the soil solution of Hawaiian .soils. Kelley (1) has shown these mangane.se 
areas to be of alluvial origin, the manganese having been brought into sohition 
by leadiing, ultimately being deposited in the low lying pockets. This theory is 
borne out by the sporadic occurrence of the manganese spots which are usually 
lower than the surrounding non-manganiferous types. Judging from their respec- 
tive positions in the electromotive series it is evident that the lime present in 
the soil solution is the principal factor in this deposition of manganese. It is 
usually present in excess of all other elements in the soil solution and water 
extracts of Hawaiian soils. This further explains the lower hydrogen ion con- 
centration in the subsoils of manganiferous types. Calcium, replacing manganese 
in the soil solution, increases the concentration of calcium which, due to the loose 
texture of this soil type, is easily washed into the subsoil. The humus content 
of these soils is very low. The hydrogen ion concentrations appear to be due 
principally to the presence of acid-reacting silicates. The lime is fixed in the 
subsoil by these acid aluminum silicates forming silicates of lesser acid tendencies. / 
On determining the solubility of lime in COj saturated water, the following 
results were obtained with the three manganese soils and subsoils : v 
• 

Table 3. 


Showing Relation of Solubility of CaO in Soil and Subsoil ^ 



1. Boil, 

1. BubaoiK 

2. Soil. 

2. Bnbsoil. 

5. Boil. 

3. Bubaoif. 

%CaO 

023 

,017 

.015 

.010 

.028 

.022 

pH 

5.9 

6.5 

6.6 

6.7 

6.0 

6.7 


These results appear to indicate the presence of sUicates of lesser acid 
tendencies in the subsoil, , It will be noted that the solubility in the sdbsoil is 
lower than the soil, yet the hydrogen ion conc^tration is tower. The higher 
stability of lime in the manganese soils as cfompared with the normal red soil is 
typical. This greater sidiibtlity of Inne, the activity toward the reptacement of 
ntaagancse in sphition as well as alumintun and iron, the ope^ texture and better 
amration ka. such types whid) assures a ready nipply of ail and CO 2 for the 
sdntHmiaf cakhun as bicaqrbonate, appear to be uiq>ortant factors in the chlorosis 
of '(dams grown on thb soil type. It might also be mentioned at this 

poi^ that pineapple roots mre ahnort ottirely (»nfiadll1» the -sar face soil ; also 
'.the 'develupiiaent ol..<fetero8i» t i i ( ^ i ^^ liming eveh on the more arid 

i i-soik' 
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Wilcox and Kelley (6) in an anatomical examination of the physiological 
disturbances in plants grown on manganese soils, noted a superabundance of cal- 
cium oxalate crystals in the chlorotic pineapple leaves. The chemical analysis of 
leaves has also shown a markedly higher lime content as compared to the normal 
green leaves. 

Availability of Iron 

Comber (4) has developed a qualitative test for soil acidity in which he 
shakes the soil with a solution of KSCN in alcohol. By increasing the concentra- 
tion of Fe(SCN )3 in the liquid phase by the use of this solvent, he obtains a very 
delicate test for iron, indicating the presence of acid-reacting salts of this element 
and aluminum. The delicacy of this test is further increased by using an cther- 
alcoliol solvent for the reagent. As thus applied to the manganese soils all 
showed a positive test for iron in solution. The depth of color is just as great 
as in the non-manganiferous soils of equal H ion concentration. One diflference 
was noted, Iwwever. The color of the test gradually fades in those soils, of pH 
6.0 or higher, to a greenish blue. This is clue to the presence of manganese as 
dioxide and not to the presence of manganese .salts in .solution. This was noted 
in the normal soils containing as low as .4 per cent MnO„ and was produced in 
a soil pf pH 4.3 by the addition of MnO^ but not by the addition of any amount 
of manganese salts. 

Comber (4) attributes this reaction to a double dccomjiosition, while Carr (7^ 
sugge.sts the actual solution of iron and aluminum which e.xiste<l previou.'^ly as 
colloidal basic .salts. In either ca.se the test indicates the jire.sence of iron in 
readily available form in the manganiferous type and that MnO. does not hold 
the iron in an unavailable combination. 

Mobility of Ikon 

In a very thorough study of the availability of iron and its mobility in the 
plant, Gile (8, 9, 10, 11) has shown certain factors to greatly influence the 
mobility of iron in the leaves. He found that chlorotic leaves on calcareous soils 
when restored to normal color by spraying witli iron salts do not transfer this 
iron to new leaves, but the latter must he sprayed in order to maintain the green 
color of the plant as a whole. That is to .say. with the withering of the old 
leaves the iron is not transported to the new. In the commercial spraying of 
pineapple plants in Hawaii, which is successfully practiced on an extensive 
economic scale, plants grown on all soils show a response to spraying with solu- 
tions of ferrous sulphate. Of course, this is most marked on the manganese 
soils where the chlorotic condition is more prevalent. Also, the spraying must 
be continued at intervals throughout the life of the plant. These facts clearly 
indicate the low mobility of iron even in the normal pineapple plants. 

Conclusions 

y, 

It is believed that the foregoing results indicate that the chlorosis of pine- 
apple leaves on plants grown on manganese soils is due to a greater assimilation 
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of lime indirectly caused by the presence of manganese in excessive amounts in 
the soil 

The principal physiol^ical disturbance is the greater immobility of iron in 
the plant resulting from the excessive lime content of the leaves and stalk and 
the low rate of mobility of iron even in normal pineapple leaves. 

Iron is shown to be present in equally available form in both manganiferous 
and non-manganiferous types of equal hydrogen ion concentration. The fact that 
the addition of soluble iron salts to the soil is without effect and that new leaves 
must be sprayed indicates lack of mobility in the plant to be the principal inhibit- 
ing factor. 

It is not denied that manganese under certain conditions may exert a toxic 
effect on plants. Numerous references in literature tell of such. This is espe- 
cially true in water and sand cultures carried on in the absence of the complexi- 
ties of soil environment. Also, it is recognized that manganese may displace iron 
in solution in water and sand cultures. The relative positions in the electromo- 
tive series proves this, but it also indicates that lime functions as such with 
relatively greater activity. X 
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5. Soil Science 5; p. 187. 

6. Bui. 28, Hawaii Exi)er. Sta. 

7. Jour. Ind. Eng. Cheni. 13 ; p. 931. 

8. Jour. Agric. Res. 3; p. 205. 

9. Jour. Agric. Res. 7 ; p. 83. 

10. Jour. Agric. Res. 7 ; p. 503. 

11. Jour. Agric. Res. 9; p. 73. 


Repairs Under Pressure.* 


Two fatal accidents that occurred recently were directly due to the highly 
dan^^rdus practice of attempting to repair boilers, steam pip^s, and- other closed 
yeands and objects while they were under pressure. We hav^ repeatedly warned 
ajjaiiist this practice and the hazard has often been. pointed out in other ways; 
but tbe f r<e{|piency with which from this cause continue to occur is dis- 

po^agtiijg, and it is eiHuj|aaithat very real danger is often ignored, or at least 
reedves too lUtle com^tddUtion. - 

- . '\ ' if 

Vol XIPH, No. a. . 
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One of the accidents to which we refer occurred in connection with a water- 
tube boiler. This boiler is one of a battery, and had been shut down for a time. 
In the process of putting the boiler in service again, steam had been raised to a 
pressure of 130 pounds, but the boiler had not been cut in on the line. A leak 
was discovered around one of the tube-caps in the front water leg, and the 
attendant tried to “roll in” the cap. The cap was of a somewhat unusual type, 
and during the operation it was pushed in, and a stream of boiling water under 
130 pounds pressure rushed out directly into the attendant’s face. The man was 
hurled against a coal pile about twelve feet distant and almost instantly killed- 

In the other case, two men were attempting to stop a leak at the flange of a 
reducing tee on a steam-pipe line. They had put a packing ring or gasket in place 
and were tightening the bolts which compress the gasket between the flanges. 
This caused the steam pipe to pull out of the tee, and the parts separated a 
distance of about eight inches. The escaping steam blew one of the men off 
from a timber on which he was standing and into a concrete wheel-pit. The 
other man was blown from a ladder, but was able to go to the boiler room and 
have the steam shut off. On returning to the scene of the accident it was found 
that the first man was fatally scalded. He was removed to a hospital but died 
within a short time. It is said that previous attempts had been made to stop 
this same leak, but they had not been successful. It is also stated that the joint 
was defective, and that to prevent similar accidents in the future, the entire pipe 
line was soon to be dismantled and examined. 

Wherever this article comes to the attention of a man who is accustomed 
to repair vessels of any kind under pressure, we sincerely hope it may be the 
means of influencing him to discontinue the practice. We know very well that 
work of this sort is often done without disastrous results; but there are plenty 
of examples of fatal cases, and no man who persists in following the practice 
can tell when his turn may come. Neither has any employer a right to ask a 
man to risk his life in this way. Delays and shut-downs may cause extra expense, 
but this should not be considered where human life is endangered . 

[W. E. S.] 


Sex Proportion in Trapped Rats and Mice. 


The following table showing the sexes of rodents trapped on the island of 
Hawaii from Sept. 1, 1922, to Feb. 28. 1923, is of interest. I have compiled 
this from the weekly reports of Mr. C. Charlock, Territorial Board of Health. 
The sex determinations were made under .the supervision of Mr. Charlock, 
upon recommendation of Dr. Trotter, in response to our original request for 
the information. So far as available literature shows, this is one of the largest 
sex-ratio determinations ever made on trapped rats. It has generally been 
assumed that the proportion of sexes is about equal and that in trapping opera- 
tions more males are caught than females, under the supposition that they are 
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bolder and more active. The work of Petrie and Macalister In England in 1911 
on this point bears out this theory. They found that of 6071 rats collected in 
January and February, 3273 were males and 2724 females, 74 being unrecorded. 
The data herein show results entirely opposite. Of 74,941 rodents caught on 
Hawaii between S^t.. 1, 1922, and Feb. 28, 1923, 28,657 were determined as 
males and 46,284 as females. The explanation of this difference must neces- 
sarily be very complex and probably impossible. It is not unreasonable to sup- 
pose, however, that the great difference between climate, available food and 
housing conditions in England and our cane fields, plays a prominent part in 
this difference in catch. 

The data in the table show no wide variations in the sex-ratio from month 
to month. It covers the warm autumn months and the coldest period of winter. 
There is also very little difference in the sex-proportion of one species of rodent 
over another. The results would tend to upset somewhat the Rodier theory of 
rat-control. If the sexes in the field are nearly equal, the trapping operations are 
constantly removing many more females than males, yet trapping as a method 
of economic rodent-control in Hawaii has proven, a failure after many years of 
large operation. 

1‘BOPOBTION OP SEXES IN TEAPPED BODENTS ON ISLAND OP HAWAII, 
PBOM SEPT. 1, 1922, TO PEB. 28, 1923. 


Battus norvegicus 

Buttus alexandrinus 

Battus ruttus 

Mus muse ulus 

Month Males 

Fepi^iles 

Males 

Females 

Males 

Females 

Males 

Foma 1 03 

Sept., 1922 .... 703 

1047 

475 

784 

719 

1306 

2209 

3094 

Oct., 1922 .... 663 

1043 

36S 

610 

986 

1551 

1948 

3272 

Nov., 1922.... 766 

1238 

250 

405 

1206 

2107 

2678 

4988 

Dec., 1922 .... 676 

1286 

270 

513 

1188 

2331 

3265 

5072 

Jan., 1923.... 730 

1094 

320 

503 

1346 

2490 

3377 

4708 

Feb., 1923 .... 642 

890 

326 

470 

1291 

1918 

2468 

3765 

Total . ...^.4170 

6597 

2006 

3285 

6736 

11503 

35745 

24899 

Total: All forms 





28,657 Males 



46,284 Females 


Rodents trapped from the following localities on the island of Hawaii ; 
Olaa Sugar Company, 

Waiakea Mill Company, 

Hilo (city), 

Hilo Sugar Company, 

Onomea Sugar Company, 

Pepeekeo Sugar Company, 

'Honorau Sugar Company, 

Hakalau Plantation ^mpany, 

Littpalioehoe Sugar Company, 

Lauftthoehqe village, 

.^fwiki Sugar Co., Ltd., 

' HantBkua Mill Co^, 
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Kukaiau Sugar Company, 
Paauilo village, 

Pohakea, Hamakua, 
Paauhau Sugar Company, 
Honokaa Sugar Company, 
Honokaa village. 

Pacific Sugar Mill, 
iCukuihaelc village. 


C. E. P. 
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Sugar Pnces* 


95° Centrifugals for the Period 
March 16, 1923 to June IS, 1923. 


Date 

Per Pound 

Per Ton 

March 

10, 

1923.. 7.34 

$146.80 

t i 

20 . 


145.00 

1 1 

21 . 

7.22 

144.40 

it 

23 . 


145.60 

April 

5 . 


146.90 

i « 

6. 

7,47 

149.40 

( i 

9 . 


150.60 

A 4 

10 . 

7.66 

153.20 

44 

11 . 

7.72 

154.40 

4 4 

12 . 

7.66 

153.20 

4 4 

17 . 


< 155.60 

4 4 

18 . 

8.00 

160.00 

4 4 

20 . 

7.91 

158.20 

4 4, 

23 . 


165.60 

4 4 

26. 


168.20 

4 4 

27 . 

8.28 

165.60 

4 4 

30 . 


160.60 

May 

3 . 

7.845 

156.90 

44 

4 . 


148.20 

4 4 

8 . 

7.846 

156.90 

4 4 

9 . 

8.03 

160.60 

44 

10 . 


164.40 

4 4 

11 . 

8.28 

165.60 

4 4 

14 . 


158.20 

4 4 

16 . 

7.78 

155.60 

4 4 

25 . 

8,28 

165,60 

4 4 

28 . 


163.20 

June 

5 * 


160.60 

<4 

6 . 

8.10 

162.00 

44 

8 . 

7.93 

158.60 

44 

11 . 


153,80 

4 4 

12. 

7.66 

153.20 

44 

18 . 

7.405 

148.10 


T4. 


144.40 


Bemarks 

Oubas. 

Cubas 7.28^ 7.22. 

Gubas. 

Porto Bicos. 

Porto Bieos 7.28, 7.41. 

Cubas. 

Oubas. 

Cubas. 

Cubas. 

Cubas. 

Porto Bicos. 

Cabas 7.97, 8.03. 

Cubas, 

Cubas. 

Cubas. 

Philippines. 

Cubas. 

Porto Bicos 7.91; Cubas 7.78. 

Spot Cubas. 

Porto Bicos 7.78, 7.91. 

Porto Bicos. 

Cubas 8.22; Porto Ricos 8.28, 8.16. 
Porto Bicos. 

Spot Cubas. 

Porto Bieos. 

Cubas. 

Phillppiiies. 

Porto Bieos. 

Porto Bieos. 

CTubas MM} Spot Cubas 7.91, 7,85. 
PbiUppines 7.66; Spot Cubas 7.72. 
Cub^s. 

Spot Cubas 7.28, 7.53. 

Spot Cubas 7.16; Cubas 7.28, 



THE HAWAIIAN 

PLANTERS’ RECORD 

V olume X XVII. OCT OBER. 1923 Number 4 

A quarterly i)aper devoted to the sugar interests of Hawaii and issued by the 
Experiment Station for circulation among the Plantations of the Hawaiian Sugar 
Planters' Association. 


The accompanying pictures show armyworm and 
Notes on Armyworms cutworm damage at Honokaa this year. These are 
and Cutworms of Uba cane and represent the condition of several 

hundred acres of mostly D 1135 fields. Most of the 
damage was done to the young cane extending from about 800 feet elevation 
to the highest fields. This severe check must cause a very considerable 
retarding effect, for most of the leaf-tissue was removed. 



The common armyworm Cirphis unipuncta was mostly responsible for the 
damage. Thousands of the larvae were present on the cane, grass and ground 
' about the fields. The expected second generation from these did not materialize. 
Moths hatched out in fair quantity, but few eggs were placed on the cane or grass 
in the cane fields. At present only a single worm at wide intervals can be found. 
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At the close of the outbreak some of the natural enemies of , the caterpillars were 
conspicuous. Tfic large yellowish Pedistes wasps were particularly .numerous and 
were very busily skinning the larvae and carrying the partially chewed skins to their 
paper nests. A few days ago, while riding along the main ditch through young 
fields of cane, I. counted 500 of these wasps passing in front of me in twenty 
minutes’ time. The two important Tachinid parasites Prontina archippivor-a and 
Chactogaedia monticola have also been numerous, jmrticularly the former. On 
June 8th I took twelve of the armyworms from the field and placed them in a jar 
with grass. None matured, but from each one there emerged a Prontina maggot 
after the caterpillar had died. 

Several poison-baits were tried by Mr. E. E. Naquin, but only one proved 
highly successful. Success was obtained with the standard mixture of Paris green 
and finely powdered air-slacked lime, mixed in the proportion of one part I’aris 
green to eight jiarts lime and applied to the cane in dry du.st form. By partially 
filling a sugar sack with the mixture and shaking the closed bag over the cane, 
the dust was very evenly ami thoroughly distributed. Most of the larvae present 
when this was applied died. The Honokaa Sugar Company has now on hand a 
large stock of the poison to apply in the above method in case of future outbreaks 
of cutworms and army\vorms. 



Judging from the results obtained in poisoning with tjle du^t-mixture, I am 
yety much in favor of this method over the old way, where » moist bran or bagasse 
mihlAjis Applied containing tlie poison, This did not work nearly as well as the 
di^ infattnre. 


C. E. P. 
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The Root-Rot Problem Up to Date 

By H. L. Lyon. 

A malady characterized by the destruction of the root system followed by the 
collapse of the aerial portion of the plant is known in the pathology of a great 
many cultivated plants. This malady passes under various names, l)ut “Wilt/' 
“Root disease” and “Root-rot“ are the names most often employed. The disease 
of this nature in pineapples and in cotton is known as “Wilt”; in sugar cane it is 
called “Root-disease” and “Root-rot”. 

There is no reason to believe that the cause of root-rot is the same in different 
species of plants or even that it is always the same in any one species, but a com- 
])lete understanding of the disease in any species would be of great assistance in 
the investigation of the similar disease in other plants for it would indicate a line 
of attack that might be expected to produce results. 

In the following pages, we strive to indicate the present status of the root-rot 
proldem l)y recounting the findings and quoting the opinions of investigators who 
have recently worked and published on the subject. 

Root DisKAsri: and Root-kot in Java 

In 1895, Wakker described a new soil-dwelling fungus, Manismius Sacchari, 
which he said was responsible for a disease of sugar cane in Java. There was no 
doubt but that he found this fungus growing as a parasite on sugar cane plants, 
attacking their roots and the underground portions of their stalks. The Java 
planters and their scientific advisers, however, recognized a malady which was 
distinct from Wakker’s “root-stalk” disease because it occurred far more exten- 
sively than did Manismius and was not attende<l by certain symptoms always 
created by this fungus. In 1898, the Java planters became so alarmed by the 
widespread occurrence of root-rot that they raised a fund to support an intensive 
investigation of the malady. Dr. Z. Kamerling was selected to devote all of his 
time lo the study of root-rot and a special root- rot laboratory was created and 
maintained for several years. During the years 1900 to 1903 inclusive, several 
papers appeared on root- rot in Java and in the last named year, Kamerling pub- 
lished a book of some two hundred pages on the subject, lie suggested that the 
cause might be poor aeration of the soil, but his main idea seemed to be that the ' 
trouble was in some way due to mechanical injury of the roots by the soil par- 
ticles. His thesis is lacking in tangible evidence and tangible conclusions. 

After the publication of Kamerling's work, the investigation of root-rot seems 
to have lagged in Java for many years, due, no doubt, to the fact that the old 
Cheribon variety was being replaced by seedlings which were far more resistant 
to root-rot. In recent years, a seedling cane known as R. K. 28 has become the 
leading cane variety in Java and now occupies fully 40 per cent of the total cane- 
growing area in the island. This seedling is very subject to root-rot, however, 
and in 1921 the disease became so prevalent in E. K. 28 that some expressed fears 
that the variety would be eliminated altogether. This scare caused many growers 
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to turn from E. K. 28 to other more resistant varieties in their plantings for the 
1922 crop. 

In an attempt to reassure the planters and restore the standing of E. K. 28, Dr. 
J. Kuyper’^ has recently published a lengthy dissertation, in which he tries to dem- 
onstrate that the fear of root-rot in this favored variety is unfounded.. He does 
not seek to do this by definitely proving the cause of root-rot and offering a specific 
remedy, but strives, by recounting field observations and statistics, to show that 
the occurrence of root-rot is limited to i^ils of a certain nature; that it had 
reached the maximum spread possible in E. K. 28 in 1921 ; and that even with 
root-rot present in certain sections E. K. 28 still gave a better average yield than 
any other variety. 

Dr. Kuyper’s description of root-rot in Java tallies very closely with the symp- 
toms of the disease as displayed by Lahaina cane in Hawaii. He asserts that the 
malady occurs in practically all the cane varieties of Java. 

Dr. Kuyper seems quite confident that he knows the cause of root-rot, but in 
the present paper he brings forward only circumstantial evidence to support his 
opinion. His explanation may seem sufficient to those familiar with the disease 
in Java only, but it certainly will not carry conviction to those studying root-rot 
of cane in countries other than Java. He states that the disease is: 

• . . caused by a lack of oxygen, by temporary or constant anaeroby, as for instance in a soil 
supersaturated with standing water and, therefore, low in oxygon. We mention standing 
water particularly because the Tv^ter percentage may be high without being harmful as long as 
the water itself is in motion and can always supply oxygen, such as sometimes happens very 
remarkably during floods. This anaerobic root-rot occurs most tyj)ieally on heavy soils where 
the drainage is poor; the oversupply of standing water can be caused here by too much irri- 
gation, by floods or by too high a water level, kf . . . . 

But besides this anaerobic root-rot, the disease also occurs on lighter soils where wc can 
hardly speak of anaerobic conditions; we have in mind the soils in Probolinggo, in Kediri, 
where the structure is such that we have the tendency to speak of good soils and sometimes 
even of very good soils but here the chances of root-rot are always groat. Ju Wonolangan, 
Oemboel and Soeznberkareng, gravel soils occur which look exceptionally good and yet they are 
among the most feared soils, especially for E. K. 28. It is mostly the fairly moist soils, 

• soils of the hot -house type, soils which heat quickly. Thus far it has not beesi possible to/;, 
characterise these soils sufliciently through bacteriological or chemical analyses to ' 

them specifically. Eeduction generally cannot bo shown ; we could, therefore, speak of aerobic 
root-rot. But the two types cannot be kept separate very sharply, they are often mixed and it 
must be remembered that even in light soils a temporary anaeroby can exist through excels of 
water which often starts the disease. But based on our experience in the great majority of 
root-rot eaeee an eaeese of water in t/ie mil in the first cause to think of; in a great many 
eases, even on light soils a temporary exceSs of water could be shown as the detrimental ele- 
ment with a fair degree of certainty. It is quite remarkable that root-rot practically does not 
oeeur on the dry lands of Kediri, nor on the so-called dry rice lands, that is on rice fields to 
y;hieh no water is appUiSd during the East monsoon ; whereas on ordinary rice lands in the same 
region, root-rot occurs frequently. 

A factor of decided influence upon the occurrence of the disease is a change in the inoiFturo 
content nf the soil ; it still remains a question as to whether or not t^is *is a primary factor, 
but tkflt Kf plant, once alfected with root-rot reacts much stronger to disease in a soil »\\oyv- 
in moisture content than it does in a soil showing but small and gradual 
respect may be taken as a fact. This explains why we find less diseased fields 
V we do on lighter soila in the same neighborhood. For instance, it is peculiar 

.•iWt iNjgbiis mih light soils, such as certain parts in Probolinggo, Kediri, and large parts of 


J* get w^tslrot op r^ccUsl in verband met d« rietsoort E; K. 2S. Idedodeelingen van 
ym d« Java anlkcrindnatrie. ^uftTfang, 1028, Ko. 4. » » 
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Djokja an<l Solo, often have root-rot, wherefis regions witli much heavier soils in other prov- 
inces at practically the same elevation, the disease is much less noticeable. Uniformly moist 
regions such as Banjoemas, show little root-rot 

This brings us to tho phenomenon which we call ‘ ‘ dry root-rot. ^ ^ In a great many cases 
of root-rot, bibit-rot*^ plays an important part 

In bibit-rot, substances poisonous to the plant develoj) in the bibit which, under certain 
conditions, the shoot is forced to absorb. Such circumstances are in general induced by tho 
failure of the roots to furnish a sufficient water supply and this in turn may be caused by 
the ordinary wet or anaerobic root-rot, but it may also bo caused by dry root -rot when the 
plants, with a poo;* root system on which falls a heavy duty because of drought, are forced 
to take the moisture present in the bibit or in the remains of the bibit. Dry root-rot may be 
considered as bibit-rot but differs from ordinary suffering fro»n drought because the root sys- 
tem is in an unhealthy, insufficient condition. The basic cause of dry root-rot is, therefore, 
the same as for any other root -rot 

We pointed out before that the main cause of root-rot is an oversupply of water. Tn each 
individual ease this cannot aiw’ays be demonstrated with certainty but such has j)ractically been 
accepted in practice 

However, as stated in the beginning, there is also an aerobic root-rot; a root-rot in con- 
nection with which no Jack of oxygen or reduction can be demonstrated. The explanation must 
probably be looked for in another direction. 

Dr. Kuyper calls attention to the very evident resemblance of sup;ar cane root- 
rot to the “wilt” or “root-rot” of barley in the Netherlands. Experimenters had 
shown that this barley disease could be controlled in cultures by the addition of 
mauf^anese sulphate. 

A great number of tests with manganese sulphate w(‘re carried out in .lava in 1921. The 
Experiment Station supplied the manganese sulphate and fifty-three plantations took the 
trouble to exfierinient wdth it in one or more fields. Only one plantation reported indications 
of beneficial action and investigations ])roved that even here the results were, to say tlie least, 
doubtful; and w^e may safely say that MnS ()4 has failed as a remedy for root-rot. 

Dr. Kuyper states emphatically that no proof has been found either in Java 
or in any other country that a certain parasite is the cause of the root-rot. Me 
speaks of the disease in Hawaii as follows: 

We wish to call attention to the fact that root-rot also occurs in other countries, for in- 
stance in Hawaii, where they have looked energetically for vegetable or animal parasities but 
so far have not succeeded. In the Hawaiian Planters' Keeord, 23:142, 1920, Carpenter gives 
an extensive study on the possible connection between Lahaina disease, which corresponds 
closely with root-rot, and Vyth’mmy a well-known fungus. The infection experiments do give 
indications that this fungus had something to do with the disease but they are far from con- 
vincing, Carpenter acknowledges himself to be in a doubtful attitude 

And finally Carpenter states that a similar fungus is found in diseased roots of other 
plants such as cannas, colocasia and rice. This seems to indicate again that he is dealing 
wdth .a widely occurring fungus which acts detrimentally only under definite circumstances. 

Root Disease in the West Indies 

Root disease appeared in the Bourbon (Lahaina) cane in the West Indies in 
the early seventies of the last century, and gradually rendered unprofitable the 
cultivation of this old favorite variety. 

Howard' was the first plant pathologist to give serious attention to the cane 
diseases of the West Indies. He held the disease of the Bourbon cane to be the 
same as the root-disease of the Cheribon in Java and as he found the fungus 
Marasmius sacchari of Wakker to be present, he concluded that it was the cause 

*Bib)t ar seed or cutting. 

^Howard, A. On Some DieeascB of the Sugar Cane in the West Indies. Ann. Bot. 17:373-411, 1903. 
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of the malady. Since Howard’s work appeared, many pathologists have studied 
the root disease of cane in the West Indies, but, until recent years, they have, 
without exception, accepted Howard’s conclusions and held Marasmius to be the 
cause. 

In 1917, Johnston and ‘’Stevenson’ after working on cane diseases in Porto 
Rko wrote: 

The exaet status of root disease with respect to the parasitism of Maraimiua, Himantia, 
Odontia, or possible other forms, is uncertain and while it is generally held that Marasmiua 
at least is a true parasite, really definite evidence is lacking. 

In summing up the work on root disease which had recently been done at the 
Insular Experiment Station in Porto Rico, under his direction, Earle* tells us that 
“Maraamvu is at best a very feeble parasite” and "The killing of the roots which is so 
marked a feature in ‘root disease’ is usually caused by various species of Bhisoctonia and 
sometimes a species of Pptkium,” 

The most recent opinion on root disease emanating from the West Indies is set 
forth in a paper by Bourne® which has just ccxne to hand. He gives the details 
of inoculation experiments which he maintains furnish : ‘ 

Formal Proof of Pathogenicity of : 

1. Bhizoctonia aolani and 

2. Bhizoctonia palida. 

There is no doubt that root disease is duo to one or the other of the above fungi as deter- 
mined by the following points:' 

1. The constant association of one or the other of the above fungi with the disease 
and their isolation from ‘typical diseased tissue of the host. 

2. Healthy sterilised cuttings when inoculated with pure cultures of cither of the 
above fungi in sterilised soil produced plants having characteristic signs of the 
disease. The penetration of the fungi into the roots has also been observed. 

.1. The fungi have been re-isolated from inoculated diseased roots and when com- 
pared in culture with the fungi used for inoculation were identical with them. 

Bourne inoculated healthy plants with the two fungi mentioned but, judging 
from his photographs, he did not obtain anything like as striking results wdth his 
Rhisoctoniae as Carpenter did with his Pythium here in Hawaii in experiments 
conducted along the same lines. 

R(K)T-Rot in H.'XWaii 

Lewton-Brain, coming to Hawaii from Barbados, where he had worked on 
roqt disease of the sugar cane, pronounced the malady in Hawaii identical with 
that in the West Indies; and considered his contention substantiated when he 
found fructifications of Marasmius sacchari in Hawaiian cane fields. 

After a brief survey of the situation, CoW) reached the conclusion that Ithy- 
phaUus coralloidss was the most, important root-destroying fungus but that 
Marasmim and the so-called "stellate-crystal fungus" also contributed to root 
^sease. 

An intensive study of root-rot in the field and laboratory conducted by Larsen 
and Lyon served to demonstrate that Ithyphallus and Marasmius had no primary 
connection with ^idemte root-rot in Hawaii and that other fuii%i were responsible 
for the destrncBon of the cane roots. These fungi wefe taKen up in turn but 

* It, StavcMwa, 3. A. aagsr Cue ViiDci enS DieeMce of Porto Bieo. Journal Dept. 

It As^. Of p«r (|0 Blw, 1: ITT-asi, 1»17. 

Fe tit. Oitno ISUMxt X>ifte«Me Jovraa] Agrie. Potto Rico 4:8-27, 1920, 

B. A, on the Root Bitoiiio of tiNigar Caner^Bi^t. of Agtic., Batbadoo. For- 

ward^ to fha CtoTfsrgHioiill for publlcatloii in IW* 

I 
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each failed to qualify under test as the primary cause of root-rot. Finally by 
transferring diseased cane stools from diseased to healthy fields, it was demon- 
strated that these fungi could not materially check the growth of the cane plant 
if the soil conditions were right. Evidence deduced from extensive field studies 
and the many experiments performed seemed to prove that the real cause of root- 
rot in Hawaii was some non-parasitic factor resident in the soil and to indicate 
that this factor was in the nature of a poison. 

The Experiment Station then undertook to determine the nature of this poison 
and a means of counteracting it. The first clue obtained pointed to black alkali 
as the toxic ingredient in the soil. This lead was consistently followed until it 
was definitely proven that we were on the wrong track. 

Following the collap.se of the black alkali theory, interest in root-rot waned 
somewhat because seedling canes resistant to root-rot were being rapidly substi- 
tuted for the susceptible Lahaina with most satisfactory results. 

In 1919, root-rot in an aggravated form appeared in the seedling cane H 146. 
The affected stools were growing in a well-drained, virgin soil and were being 
irrigated with mountain water. While the appearance and spread of the disease 
in a seedling cane growing under such conditions did not refute the poison theory, 
still, it strongly suggested the work of a parasite and we again made a search for 
an organism of this nature. Examination of living roots revealed the presence of 
a new chytridiaceous fungus which was evidently responsible for the destruction 
of the roots in this particular case. This same fungus was found in the roots 
of di.seased I.ahaina cane growing under similar conditions and we at once sus- 
pected that it might be the universal cause of root-rot which had previously 
escaped detection because of its minute size and evasive habits. A search foi this 
organism in other fields where root-rot was most prevalent failed to reveal its 
presence, however, and we were finally forced to class it with the other parasitic 
root fungi as virulent only under certain conditions. Of all the fungi credited 
with ability to attack cane roots this one only is strictly parasitic. It cannot, like 
all of the others, live on decaying vegetable matter, but feeds only on the living 
substance of some other plant. In attacking a cane root, it penetrates the grow- } 
ing point and destroys the embryonic tissue located here. In so doing, it effectu- 
ally stops the growth of the root. Its migration through the soil is so dependent 
upon special conditions that we might reasonably expect its distribution to be 
limited rather sharply and this apparently is the case. 

Carpenter began working on the root-rot of sugar cane at this time and con- 
cluded that the fungus Pythium was the cause of the malady. He performed 
some of the most careful and elaborate cultural and inoculation experiments that 
have ever been conducted in the study of root-rot of sugar cane; and by the 
evidence produced he comes nearer proving his contention than has any other 
pathologist who held a fungus to be the primary cause of the disease. 

Carpenter proved that his Pythium could act as a parasite attacking the living 
roots of the cane, and that in so doing, it would seriously retard the growth of a 
plant. It would not cause the complete collapse of the plants in his experiments, 
however, even after their vigor was reduced through confinement in pots. More- 
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over, this Pythium is of very general occurrence in the soil throughout the cane 
fields of Hawiiii and not present only where root-rot occurs. 

During the latter part of the war, a peculiar disease appeared in the potato 
fields of Maine. At first, it was thought to be caused by a parasitic organism, 
but its occurrence was sodh correlated with the use of a certain fertilizer. It was 
found that the trouble was due to borax which accompanied the potash that was 
being applied in large doses. The potato plant, it seems, is .seriously affected by 
the presence of very small quantities of borax in the soil. As this compound 
might have been included in fertilizers used in Hawaii, the Experiment Station 
inaugurated experiments to determine the effect of borax on the cane plant. In 
tests conducted by the chemists, it was found that cane would tolerate a much 
higher concentration of this compound in the soil than could possibly have been 
attained, even though highly contaminated fertilizers had been used. It is evi- 
dent, therefore, that borax cannot be considered the cause of root-rot in cane in 
any case. 

The Experiment Station is now .engaged in determining the possible toxicity 
. to sugar cane of soluble aluminum compounds in the soil. It may quite possibly 
be that aluminum poisoning is the primary cause of root-rot, for information in 
hand points strongly in this direction. Investigation along this line was suggested 
by the work of Hoffer and Carr' on the root- rot of corn, an account of which has 
but recently appeared. These investigators found that corn plants suffering from 
root-rot always showed peculiar discoloration in certain tissues of their stalks. 
I By experimentation, they found that they could produce similar, if not identical, 
i discoloration by injecting solutions of certain salts of aluminum and iron into 
^ normal plants. They then developed methods whereby they could test the tissues 
! of corn plants for the presence of iron and aluminum and found that diseased 
plants always contained these elements in abnormal quantities. This fact was 
jeorroborated in chemical analyses of healthy and diseased plants. They there- 
fore concluded that root-rot in corn was primarily due to the poisoning of the 
plant through the absorption of toxic quantities of soluble iron and aluminum 
compounds from the soil. Acting on this hypothesis, they found that applications 
of lime and phosphates to the soil were very efficacious in preventing or con- 
trolling the root-rot of corn. In this connection, they write as follows : 

When lime is added to acid soils it is lielieved that the conditions which operate to make 
the aluminum and iron compounds available are destroyed, and even though aluminum salts 
may still be available after calcium carbonate is added, the addition of soluble phosphates will 
rapidly precipitate the aluminum salts and render the aluminum inert so far as absorption by 
corn plants is concerned. 


The exact scope of their work and its bearing on our problem may be judged 
from their own summary, which we quote below : 


(1) One of the most characteristic differences between normally growing corn plants, 
and those which become severely root-rotted is the condition of the li^ascular plate tissues 
in the nodes of t^ stalks. The plants which become severely foot>rotted are those which 
have the nodal tissues discolored and in various stages of disintegration. 

( 9 ) ,This disintegration of the nodal plate tissues begins in the absence of any specific 
iM*gaiiisnis In the tissues. 


O. K. and Cm. A. H. 
AaUtloa to Root^roU. 


m 


AeeuiOttlstioii of Alnminiiiii and Iron Compounds in Corn Plants and , 
^oorn. Agrlc. Roseareh 29: SO 1*824. 1928. 


4 
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(3) The brown, yellowish brown, and brownish purple discolorations with their con- 
sequent disintegrations which are frequently found in diseased plants have been produced 
artificially by injecting solutions of certain salts of aluminum and iron into the plants. 
Definite chlorophyll and leaf-tissue changes have been produced also. Other factors, how- 
ever, may operate to produce similar eifects. 

(4) These artificially induced changes in the plant jmrts closely resemble the phenom- 
ena which develop in plants growing in the field under conditions favorable to root-rots. 

(5) The most severe cases of root-rots have been found in soils notable because of 
their deficiencies of lime and available phosphates. 

(6) Such soils have variable quantities of suits of aluminum and iron available for 
absorption by plants. 

(7) Corn plants show marked differences in the quantities of aluminum and iron salts 
which are absorbed by them. These differences develop when the salts are available in 
subtoxic concentrations in the soil and are believed to be due to specific selective capacities 
of different plants to absorb the available aluminum and iron salts from the soil. This 
type of selective absorption cannot operate when the aluminum and iron salts occur in 
quantities which are toxic to the roots. 

(8) A definite cumulative toxicity of aluminum salts within the plants was established 
by the injection experiments, and it is believed that the same idieuomenon occurs naturally 
in the field. The relative quantities of the available metals and of nitrates in the soil 
determine, in u large measure, the rate of development of the cumulative toxicity of the 
metals within the plants. Those jdants which contain the largest quantities of these 
metals are the ones which seem to develop the most severe cases of root-rots when tho 
organisms are ]n*esent in the soil and the meteorological conditions favor their ofdimum 
growth. 

(9) When abundant aluminum injuries occur in the corn plants in certain fields it is 
an indication that the soil is deficient in available phosphates. 

(10) The application of lime and phosjihates to soils in which root-rots have developed 
in destructive jiroportions has been decidedly beneficial in controlling tljem. The use of 
limestone alone in some instances proved harmful, but in all crises studied so far the 
application of available phosphates produced plants which were better and more resistant 
to the root-rots. 

Summary and Conclusions 

The final opinion expressed l)y the Java pathologists is that root-rot is due 
to the presence, for longer or shorter periods, of stagnant water in the soil. They 
do not believe that parasitic organisms are in the slightest degree responsible for 
the malady. The West Indian pathologists, on the other hand, are agreed that 
parasitic fungi are the primary cause of root-rot and that species of Rhizoctonia 
occupy a place of first importance among these parasites. The conclusion arrived 
at by Mr. Carpenter here in Hawaii is identical with that held by the cane 
pathologists of the West Indies except that he would consider Pythiiim rather 
than Rhizoctonia the leading parasite. The writer has proven, to his own satis- 
faction at least, that parasitic fungi play a secondary part only and that the incep- 
tion of the disease is due to some non-parasitic factor resident in the soil, this 
factor most likely being in the nature of a poisonous chemical compound or toxin. 

It is a fact recognized by all pathologists that the ultimate destruction of the 
tissues of the root system is brought about through the action of organisms 
dwelling in the soil. This is, of course, the fate of all roots that die from any 
cause whatsoever, so the decay of roots induced by organisms does not, by any 
means, prove that the death of the roots was due to these organisms. Among 
the organisms found in cane roots in areas where root-rot is prevalent are several 
forms with pronounced parasitic abilities. They are capable of attacking, and 
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do attack, live cane roots, bringing about the destruction of the latter. The only 
question is: can they, unaided, destroy the roots rapidly enough to produce root- 
rot in cane? Some pathologists say that they can, while others say that they can- 
not unless the vitality and resistance of the cane is first reduced or broken down 
by some non-parasitic factdr in the soil. We are, therefore, confronted with 
two opinions regarding the primary cause of root-rot and we may profitably con- 
sider each in turn as correct and .see what course should be followed under the 
circumstances. 

If the disease is due primarily and entirely to the attacks of parasitic organisms, 
the only cure is some treatment of the soil that will destroy these parasitic organ- 
isms and prevent reinfection without hindering the growth of the cane. This is 
practically impossible, or, if possible, impracticable. The only salvation of the 
cane industry under this hypothesis then lies in the use of resistant or immune 
varieties. 

If the disease is due primarily to some non-parasitic factor in the soil, \ve may 
be able to correct or eradicate this factor when once we have determined its nature 
and we shall then be able to grow Lahaina or any other variety of cane indefi- 
nitely. If we <lo not detect and counteract or remove this factor, it may con- 
tinue to accumulate in the soil until our most tolerant varieties of cane succumb 
to its influence. 

We have arrived at a temporary solution of the root-rot problem by employing 
resistant or tolerant varieties of cane. If the disease is due to parasitic organisms, 
we may reasonably expect that these varieties will remain resistant to the malady 
and our temporary solution will become a permanent solution of the problem. 
If the disease is due to a non-parasitic factor in the soil, the tolerance of any and 
all varieties of cane may eventually be exceeded and the entire failure of cane 
culture follow. During the past two years, well defined cases of root-rot have 
occurred in Yellow Caledonia. Yellow Tip, D 1135 and H 109. These are the 
resistant varieties which saved the industry when Lahaina failed because of 
root-rot. 

If we accept the conclusion that root-rot is due entirely to parasitic organisms, 
we have all the nece.ssary data at our command and can at once define the only 
logical course to follow. We can profitably abandon further search for parasitic 
root fungi, for there can be no possible doubt but that all of -those associated 
with root-rot have been detected. There is no parasitic ot^nism yet to be dis- 
covered, for it is easily demonstrated that the knowh organisms are the ones 
actually responsible for the decay of the- roots. The question as to which fungus 
l^ads in the attack is of no practical importance. Treatment aimed at any one 
of them will be equally efficacious against all, but. since soil treatments offer no 
permanent relief from these fut^, the only nieans of defeating them is through 
the ttuployment of resistant or immune varieties of cane. 

If, on the other hand, we tolerate a suspicion that root-rot iS|jnduced primarily 
hy some deleterious compound or toxin accumulating in the soy, we should make 
a desperate effort to detect this agent and to devise a means of rendering it 
ftarndesa, • 
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Adco Manures 


Rothamsted Experimental Station 

Mr. E. Hannaforcl Richards, who is experimenting with various materials in 
the so-called manufacture of artificial manure, has made tests with sugar cane 
trash and bagasse. He furnishes Mr. F. Muir the following data concerning these 
manures, which bear the trade name of ADCO. He makes the following com- 
ments ; 

' No doubt your trash and bagasse will have very much the same composition as that 
from Mauritius. The analyses of trash and bagasse after fermentation are given on the 
sheet attached. Trash will make a better manure than bagasse. The latter is too woody 
and I <lo not regard it as a very promising material, especially as it is used as fuel, but 
any surjdus might possibly be worked up with trash. The fine powder mentioned in the 
last paragraph of your letter can certainly be U8e<l in this way. 

At present our information is limited to the fermentation of small samples of trash 
and bagasse in the laboratory. Until testa have been made on a practical scale it is 
very difficult to say how the manure will compare with your })re8ent method of supplying 
nitrogen to the soil from the economic standpoint. Assuming that trash will rot down 
on the large scale os it does in the laboratory, it is probable that the nitrogen ap])lied 
in this form will give a larger return spread over several crops than is obtained from 
sulphate of ammonia applied direct to the soil. I quite realize that the conditions of 
the sugar industry in Hawaii may upset this conclusion, which is based on long experience 
of farm trials in England. 

The obvious course is to get a trial carried out, and only then will it be possible to 
say whether the ADCO Process offers any decisive advantage over the older methods. 

^ ANALYSES OE ADCO .MANDBKS 


Loss on 

Nirtogenas ^Total Ignition 


Material Treated 

Moisture 

Ammonia 

Nitrogen 

Phosphate 

Potash 

(Organic) 

Ash 

Bagasse 

87.50 

0.05 

0.19 

0.02 

0.00 

12.00 

0.44 

Trash 

88.15 

0.05 

0.23^' 

0.02 

0.11 

9.54 

1.96 

Wheat Htraw 

76.00 

0.07 

0.52 

0.13 

0.14 

18.86 

5.14 

Cow Dung (for com- 
parison) 

80.56 

0.09 

0.43 

0.19 

0.44 

15.27 

4.17 


H. P. A. 
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Observations on Varieties on the Plantations 


, Bv J. S. B. Pratt, Jr. 

During the past few months the writer has had the opportunity of observing 
seedlings and the old standard varieties on all the plantations. The following 
comments as to their behavior will be of interest to those places having these 
canes. 

The largest change in varieties outside of the spread of H 109 is the extent 
to which D 1135 has increa.sed, particularly on the island of Hawaii. Honokaa's 
area is practically all D 1135, and the plantations from there into Hilo are extend-* 
ing it as fast as they can get seed. It is rapidly replacing Yellow Caledonia as a 
middle belt and mauka land cane. Kau di.strict is also extending it, and fields 
may be .seen with very heavy cane with sticks large in diameter. It is able to 
withstand the severe conditions of the Hamakua district, and the old prejudice 
against it on account of harvesting costs is being lost with the increase in yields 
and the re.sultant decrease of cultivation costs. An experiment at Pioneer Mill, 
harvested this year, showed the superiority of this cane at the 600 ft. elevation 
under dry conditions. Oahu Sugar Company has an excellent field at about 
the same elevation near Kipapa Gulch. On the other hand, it has been dropped 
from Ewa completely, not competing with H 109 on the lower levels. 

Yellow Caledonia on Kauai is being rapidly replaced by H 109 on the lower 
fields and with Yellow Tip on the upper fields. It is of the utmost importance 
that a cane be found that will take the place of Yellow Caledonia in the Hilo 
district should anything happen to that variety, as has happened to it on Kauai. 

Yellow Tip is increasing in area as a mauka land cane but should be looked 
upon as a temporary substitute. Some variety more resistant to ’ yellow stripe 
<iisease should be found. 

'Striped Mexican continues to be Wailuku’s early cane, giving excellent juice 
there. It is on trial in a 50-acre field at Hawi. Pioneer finds it a very .satisfactory 
cane for its conditions. However, a small plot looks very poorly at Grove Farm. 
Waianae is trying it. It became badly affected by Lahaina disease when tried at 
Ewa a number of years ago. 

D 117 is rapidly losing favor on account of its failing down in yields on the 
ratoons. 

Rose Banil)Oo, Yellow Bamboo, and H 146 have decreased areas. 

Badila has found favor at Kilauea, Makee, Knudsen, Hakalau and Kohala. 
This cane requires moist conditions for optimum growth, and observations indi- 
cate that it does the be.st where we have the wet black soil, which is found in parts 
of the islands. Any cane needs good drainage, however. * 

Of the original H seedlings, only one has been developed to!*any extent. H 109 
1^3 incr^sed until it now has 24 per cent of the Islands’ cane acreage. It has 
bectane adapted to a wide range of conditions, but it has not found favor on 
Hawaii; where the colder, wet conditions make it a vaigt e 3 q)ensive cane to raise. 
Hawi plantation., will decrease its area, H 109 ratooning very poorly for them. 
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H146 for a time was being extended, but its ratoons did not come up to expec- 
tations, with the result that its area has been decreased rapidly. Waialua still re- 
ports excellent yields from it. H 146 is somewhat subject to Lahaina disease or 
at least some form of root-rot. As possibly four-fifths of our crop is in ratoons, 
our new seedlings must be able to give us good yields on the ratoons. 

H 389 is being extended somewhat on the upper levels of Hilo Sugar Com- 
pany. It is a cane much resembling D 1135, with larger sticks. On this planta- 
tion, as on many others, H 227 has a poor stand and will not be extended. 

H 349 is found in a few acres at Ookala, and at Paauilo. The drawback to 
this cane is that it does not stool very heavily, but it does have very long sticks, 
giving enough tonnage to keep the variety. 

Of the so-called H 400 varieties, H 456, H 472, H 468 and H 471 are the best. 
The objection to H 456 on several plantations that the variety does not ratoon 
does not seem to hold at Onomea, where it is doing exceptionally well. It is a 
cane with a broad leaf, a type desired in the Hilo district, and in the test at 
Onomea had an excellent quality of juice, as well as yield in cane. An abundance 
of moisture may be the factor required to make it a good ratooner. At the 1800 
ft. elevation at Olaa, the acreage is being extended. 

H 456 and H 472 both yielded better than Yellow Caledonia in a very ex- 
haustive test with the 400 varieties at Grove Farm. A])pearances indicate that 
these canes may have to be harvested early. H 472 we find well liked at Onomea. 
Koloa and Grove Farm. 

H 463 was excellent at Hakalau and Grove Farm, but at the latter place re- 
cently showed that it has a weak resistance to invasions of fungi through the rind. 

H 468, a Striped Mexican seedling, withstands the dry conditions of Wai- 
manalo. 

H 471 is a good cane on the upj)cr lands of CJnomca. 

H 5001 looked promising for a tune, but its inability to ratoon ])laccs it in the 
background. 

The H 5900s have been tried out on all the Islands, with H 5965, H 5972, 
H 5909, H 5919, H 5922 and H 5923 the best. H 5927 was very badly affected 
by eye-spot at Pahala, and should be watched for this weakness. Perhaps the best 
of these 5900s is H 5965. Wc have noted its adaptability to l^ahala, Honokaa 
and Waialua conditions. It was very good also at Hawi. H 5972 grows well 
under Kilauea and Pahala conditions, is a large cane with a big eye, but was 
affected by eye-spot badly at Waialua. Mr. E. E. Naquin, of Honokaa, reports that 
it also becomes badly affected by mosaic disease. 

H 5919 ranked well with H 109 in a recent test at Ewa. 

Some of the H 8900 seedlings look as promising as their parent, H 109. These 
have been tested on first ratoons at Waimanalo, Hawi. Waipio and Oahu Sugar 
Company. During the past few months they were well distributed on Kauai, 
Maui, and Oahu. The ones of most promise to date are H 8961, H 8973, H 8978, 
H 8965, H 8977, H 8973, H 8988. II 8948, H 8958, H 8994 and H 89102. This 
lot shows very great promise. The first four were better than H 109 at Wai- 
manalo on first ratoons. 

H 8949 is very badly affected by eyespot at Makiki. 
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H 5803 is a seedling of D 117, with many D 1135 characteristics. At our 
Manoa substation, at Koloa, Grove Farm, Ookala and Honokaa, we note that it is 
a tibat is worth watching. It has D 1135’s character of being a good 
ratooner. 

H 1801 was one of some promise at Manoa. It has not come up to expectations 
at Grove Farm, Koloa, Kaiwiki, Mr. Chas. Rice’s or Honokaa. It gives a large 
number of germinations in the seedling nursery. 

The Wailuku seedlings are proving adaptable to varied conditions. Wai- 
luku already has ten to fifteen acres of some of the.se. It is interesting to note 
that some of the best ones at Wailuku were found to be worth extending at Koloa. 
These are W 2, 5, 9, 10 and 4. W 1 is a fast growing cane, but must be watched 
for mosaic disease. These seedlings are now on .several places on Kauai, at Ewa, 
a few at Kahuku. at Puunetie and Waipio. 

Wailuku 2, when cut at eleven months had excellent juice and 55 tons cane per 
acre at Onoraea. Here the ratoons have a good stand. 

Of the many seedlings raised at Ewa, some twenty-five are being watclied 
with intere.st. These are Ewa Nos. 177. 199, 225, 325. 362, 378. 380. 38f), 387, 405, 
421, 509, 555, 570, 700. 710, 712, 720, 731, 732,737, 740, 759 and 569. 

Hawaiian Sugar Company has raised a large number of seedlings. This 
plantation hais numbered four of considerable promise of the 1918 propagation, 
Makaweli Nos. 1, 2, 3 and 4. 

Honokaa No. 1 ((^P 229-1917), a Striped Mexican .seedling, is grown at 
Honokaa to the extent of fourteen acres, at all elevations. It resembles D 1135 in 
character of growth. The same cane has been extended by Olaa to several acres, 
but on the lower fields at Pioneer it looks very poorly. This is a strong example of 
tlie necessity of trying a cane out under all plantation conditions before it is dis- 
carded, and proves the contention that it is really on the plantations that the 
canes have to be developed. 

Kohala Sugar- Company has developed several canes that will be worth trying 
• out on the mauka lands of Hawaii and Kauai. Kohala Sugar Company has ten 
to fifteen acres of some of these, and the following numbers are the most premis- 
ing on the second ratoons ; K 107, K 1 17, K 202, K 73, K 86, K 36. K 382, K 115, 
K 20 and K 101. The.se are largely D 1135 seedlings that, have been crossed with 
Striped or Yellow Tip. and have many of the Tip characters that are desirable 
as cheap canes for mauka lands. At Onomea, we note that K 73 and K 86 are 
fj^tooning excellently at the 1000 ft. elevation, the former having the preference. 
Honokaa reports that 220 is the ranking Kohala seedling for their conditions. 

‘ SsW of several of these Kohala seedlings js being rai.sed at Manoa substation 
fipT distr&udon to plantations„this coming spring. They are of the type desirable 
Iwr mati^ land canes, but their resistance to disease is not kmbwn. 

. - making a fine start at Ewa and we are intelested in seeing how 

^ ^kes out under warm, ideal conditions. It is not the type desired in 

idte df^et:' 

As future maidca lind seedlings, Mr. Jennings haa-put into. the field this year 
some twenty-three thousand seedlings, largely of Tip and D 1135 crosses. 
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Several Badila seedlings are being tried cut on Kauai and Hawaii. H 9811 is 
the best at Honokaa, and among the better ones at Kilauea. It is interesting to 
note that it is by far the be.st ratooner at Manoa on the second ratoons, and at 
Makiki plots it had a very heavy growth, with long joints. H 9804. H 9812 and 
H 9809 are among the better Badila seedlings. 

The 1917 Oahu propagation seedlings were sent out to several plantations 
without having H numbers assigned. Pioneer Mill Company is carrying on some 
thirty of these. Ewa recently harvested the.se canes with 394-1917, an H 109 
seedling, and 347-1917, a Lahaina seedling, comparing very favorably with H 109. 
No. 229-1917 is now Honokaa No. 1, and is also doing well at Olaa. Olaa is 
watching several of this lot, and Kilauea has a few of interest, but no harvesting 
<lata on their behavior has been obtained as yet. 


Bud Selection 


A Preliminary Report on Result.s and Methods 

Bv J. A. Veurkt 

Mr. Sliamel is to write a report on the progress of the bud selection work for 
1923. It is planned to have this report contain full details of the work bein^ done, 
of the methods beinj^’ recommended for use in this work, etc. As some of the 
material to be used will not be available for several months it will be late in the 
year before the report is out. 



Progeny 1. 


Progeny 2 , 
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On this account we thought it might be of some advantage if we published at 
this time a short, preliminary outline of the 1923 developments in bud selectior 
work. It occurred to u.s that the simplest way to do this would be to briefly 
describe some of the work actually done. 

For this purpose we Have selected a small progeny test consisting of five pro- 
genies, here at Makiki Plots. 

General 

In harvesting this area the weighing method adopted this year was used. 
Each stool was weighed separately, the number of stalks counted, and the length 
of row measured. From these data the average number of stalks per foot, the 
weight of cane per foot of row, the weight per stalk, the weight per stool and the 
estimaterl tons per acre were calculated. 

These progenies originally con.sisted of one stoel each from seed selected by 
W. W. G. Moir on Maui. 

The following de.scriptions of these canes are from Mr. Moir's notes made 
at the time of selecting : 

No. 1. Oval-stalked, semi-erect, large-eyed, strong white. 

No. 2. Semi-erect, slender-stalked, small-eyed, orange. 

No. 3. Erect, white, strong growth, medium to large stalk, medium eye. 

No. 4. Semi-erect to erect, small-winged eye. 

No. 5. Semi-erect to recumbent. 

Type No. 1 was secured from some left over stalks that were to be exhibited at the 
Maui County Fair two years ago by Wailuku Sugar Company. I picked up the stalk from 
among several of type No. 4 and No. 5. Later I found out that the particular stalk came 
from a largo priae stool (20 stalks) dug up at Waikapu, but which broke up before it was 
removed to the truck to be transported to the Fair grounds. 







Pr6geiiy 4. 
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Type No. 2 was a stool of 12 stalks sent in by Waihee section of Wailuku Sugar Com- 
pany for entry in the competition for the best Selected Stool but it was not entered 
because the stools from Waikapii were better. The stool was uniform, consistent through- 
out in regard to type, but for general desirability of type and excellence of growth it 
was poor. 

Type No. 3 was a stool of 12 stalks growing in field G, Puunone, at the end of a level 
ditch. It would have taken a very high total of points if entered in the ^‘Best Stool of 
Cane for Selection Purposes’^ class, but still would not have taken a first prize because 
of its slower growth and poorer total tonnage. 

Type No. 4 I 

Type No 5 \ Standard H 109 types secured in H 109 field (Field G Puiinene). Under 

similar environments these two are practically identical but No. 4 ivould appear to have 
more vigor. 

The stools showed differences in growth from the first. At the age of one year 
enough seed was selected to plant 50 running feet of each. This seed was planted 
in 5 rows, each 50 feet long. Ten feet of each progeny was planted in each row, 
giving five repetitions for each. The method of planting is illustrated below : 



Row 1 



Row 2 


Row 3 


Row 4 



Row .1 


Prog. 

5— Plot 

21 

Prog. 4— Plot 16 

Prog. 

3— Plot 11 

Prog. 

2— Plot 

6 

Prog. 

1— Plot 

1 

i i 

1— 

22 

< < 

o— ^ ^ 17 

4 4 

4— 12 

( 4 

3— 

7 

4 4 

O 4 4 

o 

t e 

2 < < 

23 

t i 

1— 18 

4 4 

5— << 13 

4 4 

4— 

8 

4 4 

.3— 

3 

( ( 

.3— ‘‘ 

24 

< < 

2— ‘‘ 19 

4 4 

1— 34 

4 4 

4 4 

9 

4 4 


4 

i ( 

4— 

2.3 

4 4 

,3— 20 

4 4 

2— 15 

4 4 

1— 

10 

4 4 

.5— 

5 


The average results are summarized as follows : 


Progeny 

No. of 

No. of 

Total Av. stalks Wgt. 

Wgt. 

Wgt. 


Stalks 

No. 

stools 

stalks 

Weight 

per ft. 

per ft. 

I)er stalk 

per stool 

juM’ acre 

])er stool 

1 

40 

207 

648 

4.14 

13,0 

3.00 

16.2 

56.5 

5.14 

2 

31 

157 

420 

3.14 

8.4 

2.62 

13.5 

36.5 

5.06 

3 

35 

189 

539 

3.78 

10.8 

2.86 

15.7 

47.0 

5.40 

4 

39 

168 

507 

3.36 

• 10.1 

2.98 

13.0 

44.1 

4.31 

5 

36 

177 

538 

3.54 

10.8 

3.02 

15.6 

46.8 

4.89 

Total av. 

181 

898 

2652 

3.59 

30.6 

to 

io 

14.6 

46.2 

4.96 


From the above general summary we see that progeny 1 is distinctly better 
than any other. The weight of cane per foot is greater, it has more stalks per 
foot and the stalks weigh more. Of the other progenies, 3 and 5 are about equal, 
while Progeny 2 is very much inferior. 

In Fig. 1 we have attempted to show these differences in a graphic way. 
Progeny 1 was planted in plots 1, 10, 14, 18 and 22. If we compare the yields 
from these plots we find that they are always greater than the yields from any 
adjoining plot. That is, plot 1 produced more cane than either 2 or 6. plot 10 was 
better than either 5, 9 or 15 ; plot 14 was better than 9, 13, 15 or 19, and so on. 

Results of this nature prove conclusively that in this case progeny 1 is superior 
to any other in this lot. It now remains to prove whether this superior progeny 
will continue being superior or will it go back. 

The results in regard to the poor P^rogeny, No. 2, are almost as conclusive. 
Progeny 2 was in plots 2, 6, 15, 19 and 23. The yields from progeny 2 are always 
less than that of any of the adjoining plots except in two cases. Plot 24 is poorer 
than 23, and plot 11 is poorer than 6; in all other cases Progeny 2 was poorer. 

a 



274 


If we were doing this work on a plantation we would select progeny 1 for 
further woric. AH the others would be discarded, except that we would plant 
some few seed of Progeny 2 in our progeny areas for purposes of comparison to 
see if this pr<^feny remains poor, improves or possibly goes back entirely. 

In this case we are keeping one progeny Out of five on the second selection. 
We believe this to be a fair figure. Twenty to thirty per cent seems to be about 
how it works out. 

All the good seed from Progeny 1 should be planted. Seed from the best 
stools for further progeny work and the other seed should be planted by itself for 
plantation seed later, because, if Progeny 1 remains good, this will furnish seed 
superior to the general run of plantation seed and at no extra cost. 

Progepies 3 and 5 are as good or better than plantation run, so all good seed 
from these could be used for plantation planting. In no case should seed from 
Progeny 2 be used for plantation planting as that would be .spreading what is 
evidently a very inferior strain. 



Progeny 5 


In selecting stools from Progeny 1 for progeny planting we proceed as fol- 
lows : We note that the average weight per stool was 16.2 pounds and the aver- 
age weight pjsr stalk 3.00 pounds, and thaf there were 5.K. s^ks per stool. Stools 
which are to be selected for progeny planting should equal or surpass this average. 
Th^ 'fttuitdard may be varied to suit conditions, such as size of area available for 
pn^JlK^y planting. We do not believe this selection within the progeny to be nearly 
SO important as the sdection of the progeny itself, Snff the total discarding of the 
p^r ones. M[o matter hpw high the stool standard is set within each progeny there 
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is no loss as all the remaining seed (of the good progenies) goes for plantation or 
mother field planting. 

In the detailed data given at the end of this article we indicate the stools which 
were selected and planted. In some cases you will note we lowered the standard in 
weight of stalk or number of stalks per stool when some other item was very 
high. Stool 1-10 consisted of four stalks only, but the stalks weighed 4.8 pounds 
each, so that stool was taken. Stool 1-18 had stalks weighing only 2.69 pounds 
each but this sfool had 9 stalks with a total weight of 24*4 pounds. In selecting, 
the primary factor to consider, of course, is the comparative weight of cane per 
foot of row, the other factors being of secondary importance and should be re- 
garded as such. 

In progeny planting, when several stools are selected, the seed of each is 
planted together and separated from the seed of the next stool by means of a stake 
or by planting one or two seeds of another variety of cane. 

In our progeny planting at Waipio and at Makiki we use so-called Cuban-seed, 
that is, a 3-eye cutting from which the two end eyes are gouged out. At Waipio 
we plant one eye per running foot. In Honolulu, where we expect to make a 
closer stool study, we .space the eyes two feet apart. In every line we plant two or 
three extra eyes in order to have material of the same kind to replant any mis.ses. 
After germination is completed, any of these e.xtra seed not used for replanting 
arc dug up and discarded. 

After trying a number of sy.stems we have concluded that numbering the 
progenies should be made as simple as possible. A method which we favor is as 
follows : In the first stool selection, the selected stools are to be given temporary 
numbers, and called stool 1, stool 2, etc. They are not to be given progeny num- 
bers until after the first selection. .If a plantation selects 1,000 stools they are 
numbered 1 to 1,000. Then, if at the first selection 200 of these stools are kept for 
further study, these selected stools are given progeny numbers 1 to 200, or if the 
plantation already has progenies, the new ones are numbered consecutively from 
the last numbered progeny. Proper notes are made in the records to show from 
which stool the progeny originated. From then on no changes are made in the 
progeny numbers. 

At the next selection, if stool selections are made within the progeny and 
planted as units the stool number is added to the progeny number. If the first stool 
in Progeny 10 is selected it is numbered 10-1, the fifth .stool would be 10-5, etc. 
All “mass” plantings of Progeny 10 would continue to be known simply as 
Progeny 10. In the fourth selection if 10-1 is taken and again separated into stool 
planting we add the stool number as before; if the second and sixth stools are 
taken the numbers would be 10-1-2, and 10-1-6. All mass planting would again 
be simply Progeny 10. 

We have discontinued the “snake fashion” planting as we find that it offers 
certain inconveniences when the weighing method is used. In irrigated fields we 
plant full lines of each progeny. In case there is not enough seed we finish the 
line with another variety and start the next progeny on a new line. 
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Pbogeny Planting at Makiki Plots 

We shall now briefly describe our handling of the above five Makiki progenies 
for further study. 

Prt^eny 1 was selected as the best 

We selected what we considered the 18 best stools. These were numbered 1-1 
to 1-18. Progeny 3 was very uniform and possibly the next best. We selected the 
10 best stools from this. 

Progeny 2 was markedly the poorest, progeny, so we determined to carry this 
along as a poor progeny for purposes of comparison. In order to illustrate, if 
possible, the effect of selection downward as well as upward, we selected for 
planting only the poorest stools in Progeny 2. So we now have for comparison 
the best stools and seed from the best progenies and the poorest stools and seed 
from the poorest progeny. 

In all cases we used a 3-eye seed piece with two eyes cut out, and spaced the 
eyes 2 feet in a 30-foot line. In each line we planted 3 extra eyes from the 
same stool if possible, in order to be able to replant any misses. 


The plan of the planting is given below : 



Test 3. Section^ 2. 

Seed from Section 11, Test 2. Planted June, 1923. 

Row 





Makiki Progeny. 
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( t 
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In the above outline the figure 1-1 in line 1 indiSi[&’s the first stool in Progeny 
1 This is the legend pU;ced on the stake. The other figureis are not to be on tlic 
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stake, but on the map only. The (15) shows 15 eyes spaced 2 feet apart in the 
30-foot row. Three extra seeds from this same stool were planted for replacement 
in case some of the 15 should not come up. As soon as germination is complete 
all “extras” not needed are to be dug up. In this way we are to have no misses, 
and the replacements are to be from the same material. In some cases, as in line 
11, there was not enough seed from 1 stool to plant a line, in which case 2 
stools were used. 

We would suggest (hat small tests of this nature be laid out on the i)lantations 
which are doing seed selection work. A small area only is needed. In the above 
layout we used 36 lines 30 feet long. 

By such a procedure we would soon have very valuable information as to 
actual value of bud selection work. Such tests would be extremely interesting to 
all in indicating the extremes possible. The good progenies would indicate the 
possible gains to be expected and the poor progenies w()uld show what is likely to 
happen when such material is planted. 
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Forestry on Oahu* 


Up to June 1st of the present year, there had been planted on Oahu, under Mr. 
McEldowney's direction, 186,814 trees. He would have planted a far greater 
number had additional trees of a suitable nature been available for planting during 
periods when the weather was favorable for carrying on this operation.* 



Fig. 1. Ficus maerophylla from seed sown in forost above Wabiawa in Augn-at 
1922. Photo March, 1923. ^ 

*Prom a report by Dr. Lyon, dated July ‘ia, 192a. 
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In addition to planting out trees, a considerable amount of % seed has been 
scattered by hand on stumps and logs in partially denuded sections of the forest. 
A great many sturdy seedlings have sprung up arid established themselves as a 
result of this procedure (see Fig. 1). Large quantities of fig seed have also 
been sown from Army airplanes and we are justified in expecting favorable 
results from this operation. 

In setting out tree seedlings, our idea has been to infect the forest with vigor- 
ous blood at as many points as possible. For many reasons, it has been advisable 
to make our first plantings at intervals along the lower border of the forest re- 
serve. This is carrying out our general plan which contemplates the construc- 
tion of a continuous barrier forest below the remaining native forest. When the 
trees in this barrier forest reach a fruiting stage, the seeds will be carried by 
natural agencies into the dead and dying forest above. At the same time, the 
trees will spread down the mountain slopes on to the waste lands below. 



Photo soppliedl by Mr. Oeorge P. Benton, Jr. 

Before making each planting, we have obtained permission from the owners or 
lessees of the land to do the work, and have also rec^v^ assurance that our 
plantings will receive the necessary iwotection. In most cases, we have obtained 
materia] aid from the parties interested in the land being planted. A continuous 
barrier forest planted under such conditions will establish the ^ower limit of the 
effective forest j^serye regardless of the boundary set on ihevinap, and will, at 
the same tinie, assinte adequate protection for the reserve as a whole. , 

We have fosMsed the planting of trees on private grounds and about planta- 
tion caih^^s. large number of trees have been supplied for this purpose to 

bo^ sugar |pai(|f,{>|nnai^le rampanies. Then, we have induced yanous interests to 
plant across i^pen stretches and cm the crests of gulches, while con- 
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siderable planting has been done on the waste lands on the slopes of gulches. If 
we can secure continued cooperation in this direction, the table land between the 
Koolau and Waianae mountains will eventually become dotted with groves of 
trees, while all of the gulches should be well forested. Our ultimate object is to 
build up a solid forest on the upper slopes of the Koolau mountains to cover all 
lands above the areas now cultivated and to have these forests continue down 
every gulch to the sea coast. In addition, the open areas between gulches will 
carry numerous groves. Under such conditions, the sweep of wind across the 
table land will be greatly impeded and this will materially affect the climate in 
this section of the island to the benefit of the crops grown thereon. 



Fig. 3. Araucaria cjrcelsa, Norfolk Island Pino, at 
Wahiawa. 


Up to the present time, we have proceeded rather cautiously in the planting of 
new varieties of trees in order not to plant out a large number of some variety 
that could not succeed under the environment in which it was placed. Some spe- 
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• d«s that we expected to succeed have failed* while others considered v€ty doubt- 
ful have shown great promise. We have quite a number of species which have 
proven their ability to grow under conditions prevailing on our watersheds and 
we can now proceed with planting operations on a large scale and with more con- 
fidence in the ultimate success of our work. Several species of trees long ago 
introduced but, until now, represented by only a few specimens in the islands, 
have proven of great merit when planted in our forests. The presence of old 
fruiting trees makes the rapid propagation of these species possible and we are 
growing large stocks of seedlings. 

We are rapidly getting into the position where we know what to plant for best 
results and can procure an adequate supply of trees to enable us to make plant- 
ings of any size that available funds will permit. 



Fig, 4, Forest Plaatiogs at Wahiawa, age 20 inonthe. Enterolobium eydocdrpum, DUlenia 
. ' iuAiedt Udaleuca Icueadendron, Shus aemidtata, and others. 


WabiaWa Nursery 

Through the assistance and cooperation of the Bureau of Agriculture and 
Forestry, the Wahiawa Water Gimpany and the citiz^s of Wahiawa, we have 
secured the free use of some five acres of government land in Wahiawa for a forest 
nursery. The Wahiawa Water Comjxuiy has laid a pipe Jine ^ this nursery and 
supines us witl^ free water. Mr. McEldowney is rapidly creating here a very 
nursery in which we expect to grow a large number of trees for distribu- 
tj<Mt on We are also propagatii^ at this nursery for distribution to other 

illaiUls high huid trees which do not thrive; even as.aeBdlings, in the low land 
ntuseries m Honoluiu and Hilo. 
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Forest Reserves Should Be Defined and Extended 

When we began our investigation of forest conditions on Oahu, it became 
evident at once that the first great need was a more exact demarkation of the 
existing forest reserves and the extension of these reserves to take in all effective 
watershed areas that could be spared from cultivation. 

The slopes of the Koolau mountains from Moanalua to Kahuku gather most 
of the water entering the artesian basins of Pearl Harbor, Waialua and Kahuku 
as well as all of the water delivered' into the Wahiawa Reservoir and the Koolau 
ditch. The very existence of the several plantations around Pearl Harbor and 
those at Waialua and Kahuku depends upon the maintenance of the water supply 
gathered by this small area of mountainous country, yet less than one-half of the 
effective watershed area is now marked off as forest reserves. 

Cattle are still invading this area at several points and at the Kahuku end 
they penetrate far into the mountains which have been denuded of forest in most 
places through their ravages. The easterly end of this area has been set aside as 
the Ewa forest reserve but it has not been respected as a reserve, for it seems 
that the boundary is at all times subject to change without notice. 



*5. Forest Plantings at Wahiawa, age 20 months, lintcrolohium cyvlocarpum, DUlenia 
indica, Melaleuca Icucadcndron, Hhus semialatay and others. 


Tlie delineation of existing forest reserves and the creation of new forest 
reserves are, of course, functions of the Bureau of Agriculture and Forestry. 
We are working in close cooperation with their officers, who fully recognize the 
necessity of enlarging and consolidating the forest reserves on the Koolau range. 

Mr. Judd has given this matter much attention of late and has agreed to con- 
centrate the energies of his staff on this project during the present summer. Un- 
fortunately, the press of routine work has thus far prevented him from carrying 
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out his intentions, but be has just assured us that he will be on this job within a 
few days. We shall place all of our accumulated data at his disposal and assist 
him in every way possible in the field. 

The ultimate goal towards which we shall strive is the creation of a permanent 
and well ddined forest reserve including all of the effective watershed area on 
the Koolau mountains from Moanalua to Kahuku. Before this result can be 
accomplished, definite agreements must be made by the Territorial government 
with the owners and lessees of the various lands involved. We anticipate no 
serious opposition to the carrying but of this plan, but some financial settlement 
will probably be required by the interests now using certain portions of the 
proposed reserve as grazing lands. 

The Forests on the Koolau Mountains Are Passing 

The Koolau mountains were, at one time, covered with a heavy native forest 
which extended far down into the lands now devoted to pineapple culture. Years 
ago, the natural barrier forest was entirely destroyed and the interior forest ex- 
posed throughout the entire length of the mountain range. The native trees of 



(/>■ 

Fig. - A. indica in foreat planting at Wahiawa. 


the iiinei^/torest, accustome:! to prcitcction, could not withstand this exposure and 
consequently the forest has continued to recede along its entire front. The in- 
roads of woodchc^pers and the invasion of stock opebei, It many points, deep 
lanes into the’ forest. These constituted avenues for the entrance of two pestifer- 
ous plants of recent intro^ction, the Hilo grass and staghorn fern, which are 
kec|Hi!^ tip a steady pressure on the forest^ pushing back the mitive vegetation 
and^ preventing its rfehaMitation, They quickly occap3nEvery new opening that 
awd f rmn ifiiese vantage points invade the forest in every direction. The 
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native trees are quite unable to tolerate interference from man and stock or to 
repel the aggression of introduced plants. They quickly succumb before the 
forces turned against them. They possess no ability to recuperate. They regain 
no lost ground. Each tree that dies exposes its neighbors to added pressure from 
the natural forces destroying the forest. These forces are gathering momentum 
from year to year so that the destruction will proceed with ever-increasing 
rapidity. 

The forest on this mountain range was, al one time, a dense rain forest that 
never dried out and consequently was never in danger of being consumed by 
fire. For many 3'ears now, the old trees have been dying oflF raiudl}- while no 



Fig. 7. Enterolohium cyclocarpnm after 20 months in 
the ground at Wahiawa. 


young trees have sprung up to take their places. The result is that the once 
dense rain forest has become a semi-open forest which dries out quickly, and lor 
a considerable period each year assumes a state where it would burn if once a fire 
got started. The constantly increasit^ number of dead trees adds to the fire peril. 


3 
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Then the ever*present uluhi fem affords the ideal kindling material in which a hrc 
can easily start and quickly spread. This fern builds a compact blanket of 
rnaterial often five and sometimes ten feet thick, closely investing the trunks of 
all large trees and overtt^ing all small trees, shrubs and ferns. Only a few 
days of dry weather are required to dry out this fern blanket to a point where it 
will burn rapidly.. We nrast expect that, sooner or later, disastrous forest fires 
will occur on the Koolau mountains, not only consuming the fern blanket and 
killing all the living trees which it has surrounded, but spreading from this 
blanket deep into the native forest. Several serious fires have occurred during 
the past year. It does not require deep and lengthy study of the situation to see 
that conditions on the Koolau mountains are rapidly assuming a state where a 
few disastrous fires will lay bare a great part of the effective watershed area. 

Water and Forests on Oahu 

The water problem on Oahu is very rapidly approaching a crisis. The supply 
available to Honolulu is Inadequate to the demands made upon it. and it is now 
quite evident that sooner or later the city will experience a real and prolonged 
water famine. Not one of the plantations on Oahu obtains a sufficient water 
supply to give its cane the optimum irrigation and any diminution of the present 
supply is bound to seridusly curtail the sugar yield. 

The maintenance of a continuous water supply on Oahu depends not so 
much upon a heavy annual rainfall as upon the conservation of the water that 
falls during the rainy periods for use during the intervening dry spells. Oahu has 
no lakes and her artificial reservoirs are of very small capacity in comparison to 
the amount of water required. When the island experiences heavy rains, the 
greater part of the water quickly runs off as floods into the ocean and is lost to 
us. If we ascertain the total amount of fresh water now used on Oahu during 
a year and then make a liberal estimate ba.sed on available data of the amount of 
water falling in an equal period on the watersheds supplying this water, we fiiul 
thbt the difference between these two amounts is far too small for safety and 
allows for no floods or other wastage. 

For a continuous water supply, we must depend upon the slow run-off from 
our natural watersheds,- and the underground waters tapped "by our artesian wells. 

The amount of water which will be supplied during dry periods as run-off 
from our watersheds will expend upm the area of these watersheds and the nature 
of the vegetation covering them, li the vegetation is such that it offers little ob- 
struction to the flow of water, the run off will be rapid* and our surface streams 
will be dry a few days after each heavy rain, but if the vegetation is such as to 
hold back the water, its delivery as run-off will be greatly prolonged. 

Hie s^ount of water available in our artesian basins under a given rainfall 
will depend upon what proportion of this rainfall finds 'ts way into the channels 
on our watersheds that lead into these artesian basins, if our watersheds were 
quit^bare, permitting' rapid run-off, a certain amount of water would still soak 
Int^ the earth and thus enter ffie artesian basins, but an)d:hing that would impede 
1^ riih^ff would obviously mcreiase die seepage info"Stibterranean channels ami 
thus Ith^reasb^he atnbUnt; of water oHering die artesian basihs. It is a well recog- 
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nized fact that the nature of the vegetation on a watershed determines the water 
conserving capacity of that watershed in so far as surface run-off is concerned, 
but in the case of the watersheds on Oahu, it is obvious that tlieir capacity for 
delivering water into the artesian basins is determined to even a greater degree, 
by the nature of the vegetation which covers them. In our economy, the delivery 
of water into our ar esian basins is of more importance than the delivery of 
water in'.o our streams and reservoirs. 



Fig. 8, Teciona grandiny teak-woo<l, in forest j^Jariting 
at Wahiawa. 


The water supply on Oahu is drawn from a few small watersheds. These 
watersheds have been abandoned to the vagaries of men and the inroads of stock 
until now, their efficiency as water conserving agencies is greatly reduced. Un- 
controlled natural forces have been set in motion which will eventually eliminate 
the native vegetation from these watersheds and render them barren hillsides with 
little or no water-conserving power. 
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The depiction of the forest on these watersheds has already gone so far that 
most of our surface streams are now dry the greater part of each year and there 
must be a corresponding decrease in the amount of water conserved by these 
watersheds for dcU\»ery into the artesian basins. We may dig new wells and new 
ditches but these will be of no avail to us ’in the long run for we cannot take out 
more water from underground sources than enters these sources by way of our 
watersheds. 



Pig. 0. Affothig robtMta, Kauri pine. Seedling was 10 
inehes tall when 'planted at Wahiawa in July, 
1021. Photo taken in March, 102.1. 


It, is a recc^ized fact that we are now overdrawing our artesian supply, but 
fwfr pet^ seem to realize that we are at the same time allowing the source of 
this sui^y to deteriorate. The candle is burning at both ends and we only fan 
the flames. Instead of spending our money tdH^lce more water out from the 
tmdeiground sources, we riiookl spend this numey tr» get more water into these 
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sources: in other words, cover our watersheds with a healthy, water-conserving 
forest. 

Fresh water is a controlling factor in the development of Oahu. We have 
pushed that development almost, if not quite, to the limit under the water supply 
now available. The demands on this water supply are bound to increase, while 
the supply itself is decreasing and must continue to decrease for years to come, 
despite our best efforts to sustain it. 

As fresh water is so vital to the life and industry of Oahu and, since our 
supply of this commodity depends so entirely upon the preservation of a few 
small watersheds in their highest efficiency, it is difficult to understand why popu- 
lar sentiment does not demand that the government condemn the lands on these 
watershe ls and consecrate them to the only service which they are capable of 
]>erforniing — that of water conservation. Continued neglect of these watersheds 
is suicidal, for everything fails with the failure of oiir water supply. 

Rh:CAPITUI.AT10N 

From the standpoint of the sugar industry, we may analyze the water and 
forest situation as follows: 

Not one of the sugar plantations on Oahu obtains a sufficient water supply to 
give its cane optimum irrigation. 

Most of the water available to the.se plantations is derived from a compara- 
tively small area on the Koolau mountains. 

The efficiency of this area as a gatherer of water depends, to a very large ex- 
tent, u]Kjn the nature of the forest covering it. This forest is rapidly determrat- 
ing and will di.sappear in the course of a few years. 

The watershed in question is not at the present time fulfilling the demands 
made upon it and its ability to fulfilV these demands will decrease from year to 
year as its forest cover disappears. 

We cannot continue to lake out more water from our artesian basins than 
enters these basins. The only way to insure an increased supply is to insure that 
more water goes into these artesian basins. This water can enter only by way 
of our watersheds and a suitable forest cover is essential to hold back the flood 
wa!ers until they enter underground channels instead of running off on the 
surface. 

We may summarize the forestry work already accomplished on Oahu by the 
Experiment Station as follows : 

A careful reconnaissance has been made of the watersheds on Oahu and a 
fair idea obtained of the condition and extent of the native forests and the size 
and location of areas which should be planted. 

Experimental plantings, including a great many species of trees, have been 
made at intervals from Moanalua to Kahuku on the Koolau range and at several 
points on the Waianae range. These have given us valuable data regarding the 
most suitable trees to plant. 

Seeds of the Moreton Bay fig have been sown by hand on stumps and logs in 
the forest. Many sturdy seedlings have sprung up and established themselves as 
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F. result, thoroughly demonstrating the efficacy of this method of reforestation in 
partially denuded areas. 

Nursery facilities have been secured and improved, enabling us to turn out 
tree seedlings to meet any and all demands. 



Fig. 10. Fiem glomerata. Seedling was 15 in. in height 
when planted 'in forest land, Helemano, August, 
1922. Photo March, 1923. 


An adequate supply of seed of suitable-trees has been assured. 

We would outline a constructive forestry policy for Oahu as follows ; 

AH effective ivatershed areas to be procured and set asfde as forest reserves. 
All forest reserves to be clearly defined in the field an^ adequately protected 
from uijtiry by man, stock and fire. 

CdnttDfKms barrier forests of appropriate trees to be planted within the 
boundanes of the rraerves as rapidly as possible. ~ 
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Plantings of suitable trees to be made at intervals in all denuded areas within 
the reserves. 

Seeds of selected species of Ficus to be sown by hand and from airplanes 
throughout all declining forests. 

A report prepared by Mr. Geo. A. McEldowney on the lands lying on the 
slopes of the Koolau mountains, which are, or should be, included in one forest 
reserve, follows. The status map and photographs illustrating the progress of 
the Oahu project are also contributed by him. 
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MOANAIilTA 

Owned by Mr. S. M. Oamoii (Biehop Truet Company, agent). 

While not in the £wa Forest Beserve, it is adjacent to it and a portion of it should be 
Ineloded in this Beserve. 



Fig. 11 Fla^^pUacium stipulare in Helemano. Planted 

Angtt'et, 1922. Photo March, 1923, 

' ’ 


The area of this eeetipn is approai^tely 8,432 acres. It is a rather flat .valley compared 
with valleya found In other sections of this Beserve. The lands above the continuation of tlw) 
present |fereit Beserve boundary are lower and more rolling; the sides of the gulches are 
very steep. It is well adm>ted for gracing and has been used as such for a number of years. 
With the exception of a few small fenced areas, the cattle have the run of the entire valley. 
There 'are a num^r of well built stock fences, some extending across the entire valley, but 
the gates are not closed, no attempts being made to confine^ the liock. At present there are 
between four, and Are hfudred head of cattle and sixty head ef hofses using this range. This 
Unaiber frlU be gradunM increased during the coming year, as the Damon interests are giving 
wjy^keif Koko Head laMS and will concentrate their stock in Moanahia. In this valley there 
ilr else gumerottS large bands of wild hogs which are protected for hunting and have the 
tun of the whole valley^ They do a lot of damage to the-undergredath in some places; their 
like a cultivated field. There are also not less than twenty Imad of sihaU 
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deer at large in this valley and they are doing considerable damage in the lower lands. The 
Hawaiian Pineapple Company has taken over and planted 396 acres of this land. The wild hogs 
did such damage to their plantings that they had to construct four miles of hog-tight fence 
to protect their fields. 

The forests in this valley show the result of continual grazing. There are no heavy 
stands except in places which are inaccessible to stock. Those who have lived in this vicinity 
for years say that the valley stream has greater flood in the winter months, increasing in 
severity from year to year and dries up earlier in the summer than it did in former yeav«, 
and conditions along the stream bed verify these statements. 

No effort has been made in recent years to protect or increase the forest cover f»xcopt a 
small area in the vicinity of Henry Daikon ^s mountain house, which has been f<*ncod arni made 
a private h^orest Reserve and a number of eucalyptus trees have been planted. In former 
years, prior to 1914, I believe some effort towards forest conservation was made such as the 
constructing of stock-tight barriers and the protecting of certain areas which were sot aside 
as a sort of private forest reserve along the same lines as the present (lovcrnment Reserve 
adjacent thereto. At the extreme upper portion of the valley, about four miles from the 
entrance, there is a water reserve and reservoir site. At this point there is a good fence across 
the entire valley that should lye made stock-proof so as to preserve; at least a pf>rti(>ii of the 
valley. 

A classification of these lands follows: 


Cane land 1,468 neres 

Pasture .3,436 acres 

Pineai)ples 396 acres 

Rice and bananas 166 acres 

Fish pomis 1,000 acres 

Farm lands 200 acres 

Waste 48.7 acres 

Forest Reserve 1,341 acres 


SOUTH HALAWA 

This sfction is owned by the Queen Finnia Estate (Bruce Cartwright, agent) 


Area and Classification: 

Total area 3,704 acres 

Cane lands 1 ,039 acres 

Pineapple and grazing 894 acres 

Forest Reserve, exempt 1,.'570 acres 

Various other lands •• 660 acres 

Waste 181 acres 


Cane land leased by Honolulu Plantation Company; pineapple and grazing lands, by 
Charles Beilina. All leases expire September, 1940. 

Forest Fences: The Forest Reserve boundary fence on the east side between Moanaliia 
and South Halawa is all there but is sadly in need of repair. The upper boundary is the top 
of Koolau range. The lower boundary fence is 1.3 miles in length and was not built on the 
Forest Reserve line as marked by Forest Reserve monuments, but was built many years ago 
and is located at least one-half mile mauka. This fence crossed the entire portion of South 
Halawa and was stock-proof. It is now down and some sections arc entirely gone. Portions 
of it have been rebuilt and supidemented in places by new fences to keep stock out of the 
new pineapple areas. 

Forest Cover: Above the old forest fence where the stock did not run in past years, 
the forest is in fairly good shape. The small gulches are filled with kukui, while on the upper 
lands are found ohia, lehua and other species of native trees. In the lower part of the main 
valley, along the stream, are dense masses of guava. In 1922, we planted above the pineapple 
lands below the forest fences over 2,000 trees, of which sixty per cent were of the Ficus variety ; 
the balance was of five different varieties. 

Beads: The whole area is readily accessible to wagon transportation or pack train as the 
pineapple planters have gone over the entire area. 
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12, P'icus nota. Seedling was 10 inches tall when 
planted in forest land, Helemano, August, 
1982. Photo Mareh, 1923. 


Siock: At this writing, there are but h few hcml of stock in this section, not more than 
forty. They have the run of the entire main valley. The gate in the Forest Reserve is brokiui 
and carried away. The fence up the south slope is still standing btit needs clearing out and 
repairing. There are inimerous bands of wild hogs roaming over ihe entire bed of tlie valley; 
evidence of their presence is plainly sbo^Ti by uprooted areas. 

Hunting is not permitted In this section but poachers are more numerous here than in 
Moanalna* 

Nummary: To make this area stook*proof would require tJie construction of at least a 
half;mile of new fence., There are large areas between the pineapple fields which should be 
planted to trees. Stock should be kept out of the Reserve. ^ 

There is more^Jand under pineapple cultivation above the Forett Reserve line than there 
is outside the. Reserve, If this area above the line of the Forest Reserve were held out as 
forest^l^di the area remaining would be too small for profitable pineapple growing. 

NORTH HALAWA 

Owners: B. F,; Estate. 

Area mS 
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Total area 3,470 acres 

Cawe laiuls 767 acres 

Pineapples 68 acres 

Forest Reserve, exempt 1,550 acres 

Various other lands 124 acres 

Waste and forest in gulch 498 acres 


(^ne lands leased by Honolulu Plantation (‘onipany; pineapple lands by Pearl C’ity Fruit 
Company. Lease expires in 1940. 



Fig. 13. Ficus niacrophylla needling fighting its w ly 
out and above the uluhi or staghorn fern in 
forest lands, Waipio. 


Forest Fences: Forest fence constructed along lijje of Forest Reserve and is in good 
condition on the ridge and part way into tiie valley. In the valley, sugar cane is planted right 
up to the Forest Reserve line and is well protected by fence. The boundary between North 
and South Halawa is well protected by a steep pali. There is no fence betwetm Alea and 
North Halawa. There being no stock in Aiea, a fence is not necessary. 

Forest Cover: There is no forest cover for at least three-quarters of a mile inside the 
reserve except the planting of 5,000 seedling trees which we made in 1921. Fifty -eight per 
cent of these trees arc still alive but are not showing great growth on account of poor soil 
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UmA dry land; they need cultivation^ Above the three*qoarter mile line in the Reserve the 
native foreet i» in fair condition* 

Moad 0 : A pineapple road has been built right; up to the Forest Reserve line. 

Stock: There is no stock *n this section except a few head owned by the Honolulu Plan- 
tation (Jonipany and they are held nnder control by fences. 

Summary: No fence construction necessary. 

More planting should be done and the trees already planted should be cared for, 

AlEA 

Territorial Land: Homesteads and United States Army. 

The United States Army owns all of this section below the Homesteads except the Aiea 
Mill site, approximately 200 acres. 



fWW iands: In A.in there are approximate)^ ^3 acrira of Forest Bonier ve 

landa Tlieee tmiSe are proteeted good fences but tlie pine appl e powers are, with the per- 
mhNiio^ of the Board of Agi^utture and Forestry:, planting' afi' the area th^ may select, 
prov|ded thegr pJanf cnentyptus trees for every acre of pines plainted. The plantation 
latereste have protested to the Board Forostiy regarding the ptanting of these lands to 
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pineapples but the Boaid secs no harm as they believe that the trees plante*! by the growers 
will offset the damage to the land. 

KALAUAO 

Owned by the B. P. Bishop Estate and Bishop Alnseiini, 

Area and Classification: 

Bishop Estate 

Cane lands 604 acres 

Pineapples 39 acres 

Forest Reserve, exempt SOO acres 

Waste 12.') acres 

Honolulu Plantation (^^ompany: Expires in 3940. 

Pearl City Fruit (-ompany: Expires in 1940. 

There are no reserve fences across this land. 

Forest Cover: No forest cover on ridge for at least a mile, 
kukui. A few koa and ohia occur on the north sides of the gulches. 

Our planting of 2,800, chiefly Ficus varieties, is doing very well. Seventy-five per ‘cent 
of those planted are alive. The Forest Reserve line through this section is well hu'ated. 

Trails: Most of this land is in ridges — one large and two snail. On the large ridge, 
there is a good road up into the pineapples, nearly to the Forest Reserve line. The oth(*r two 
ridges are difficult to traverse except on foot. There is a very short cane road ti]) the small 
main gulch. 

Stock': There is no stock at large in this section. 

Summarij: There is plenty of good land available for jdanting to trees and much of it 
is readily accessible. 

WAIMALTT (SOUTH) 


Leases : 


Fences : 


Museum 
212 acres 
34 acres 
500 acres 
475 acres 


Gulches well filled with 


South Waiinalu is owned by L. L. McCandlcss. 

Area: It contains an area of 900 acres. 

Classification : 

Cane land *| 

Pineaj)ples 

Forest Reserve, exempt JData not made available. 

Other agricultural land [ 

Waste J 

i Leases: Data not made available. 

Fences: Forest Reserve fence has* been taken down and rolled back out of the way of 
jdneapples. 

Forest Cover: Pineapples planted for three-quarters of a mile into the Reserve. In the 
u])per portion, above the pineaples, the forest cover is very thin and ragged. In the gulches, 
the charcoal burners work well up in the Reserve and wild hogs are numerous. 

Trails and Foads: Pinea])ple roads in this section are poor but they extend well up to 
the Forest Reserve line. The gulches are accessible only wdth wagon or on foot. The trails 
are good. 

Stock: There is no stock at large. 

Summary: This section needs attention. The forest line should be adjusted. The owner 
has no exemption on the forest lands. The few trees, 2,100, which we planted in this section 
are doing well. 

W AIM ALU (NORTH) 

Owned by the Austin Estate (Bishop Trust (Company, agent). 


Area and Classification: 

Total area, approximately 2,431 acres 

Cane lands 460 acres 

Pineapples 64 acres 

Forest Reserve, exempt'. 1,390 acres 

Waste 450 acres 

Rice and other land 47 acres 


Leases: Cane land — To Honolulu Plantation: expires in 1940. 

Pineapples — To Pearl City Fruit Company: expires in 3940. 
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Fenee»: There ha« been a very good fence acr^s this section but it has been taken down 
and rolled back by the Japanese pineapple planters, who are planting for one mile into the 
Beserve. 

Itoresi Cover: There is no forest cover wwth mentioning for at least three-quarters of 
a mile inside the present Forest Beserve. Small gulches have scant growth in the bottom lands. 

Staghorn fern, whtelf sustains forest fires more than any other form of undergrowth, is 
becoming established all through this section and will in time cover all open areas below and 
within the forest. It makes such a dense, heavy growth that no seedlings can come up through 
it and it climbs over all saiall trees, smothering them to death. 



Fig.< 15, Seedling 12 inches tall 


when planted in Heleniano in August, 1922. 

Photo taken March, 1923. 

The trees \rx an area adjacent to the Forest Beserve line which #*we planted in 1922, are 
lowing vigorous growth, but n^d cwHivation. Two thousand four hundred treee were planted 
ber^, ’ 

«*mI TmUo: Pineapple roads up to and Inside the Forest Beserve. In the main 
gukh Is a wagon road for a dklahce of four mlks. ^ 

, There is no stock at large m this section. , 
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Summery: Pineapple people have taken consiilerable Forest Reserve laiul and are work- 
ing up more, preparing to plant. 

WAIAU 

Owned by the B. P. Bishop Kstate. 


Area: 2,227 acres. 

Classification : 

Cane lands 325 acres 

Pineapples 95 acres 

Forest Reserve, exempt I,3d0 acres 

Rice land 2S acres 

Waste and gulch 419 acres 



Fig. 16. Fifus macrophyUa growing in a camp at Wa- 
hiawa; 18 months old. 

Leases: All above the Government Road to the O. R. & Ti. Company, who sublease to 
sugar and pineapple interests. 

Fences: The fence on Waimalu-Waiau boundary is in good, repairable condition. The 
fence crossing this section to a pali in Waimano is in bad repair. Only about a third of this 
fence is standing and this is supported in most part by live trees and staghorn fern. 
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Forest Cover: Very light and scattered cover in vicinity of Forest Reserve fence; above 
fence, forest quite scant; some good obia and a few fair koas. 

The staghorn fern is rapidly encroaching upon the forest in this area. The very extensive 
stands of this fern are a real source of danger, for it burns readily and rapidly, making an 
extremely hot fire. # 

Trails: Cattle trails, well marked, up close to* fence line, (lood hiking trail up from 
Waimanu home or on the Waimalu*Waiau boundary. 

Stock: No sttKsk at large. 

Summary! This is the first section where the Forest Reserve line seems to be placed well 
up in thi! existing live forest. This is a good place to observe the native forest cover, as this 
portion of the Ewa Reserve has been protected for some time; the trees show marked evi* 
denee of going back. 

WAIMANO 

Owned by the territory of Hawaii, 660 acres; O. R. & L. Company, 450 acres (fee sim- 
ple), and other small holdings. 

Classifkation : 

Cane land 450 acres, O. R* & L. Co. 

Pineapple land Bata not available ' 

i'orest Reserve 625 acres 



17. Forest Reserve l.andB, Walmalu, converted into pineapple land. Forest cover in 


gulches destroyed by fire during process of clearing. 

# 

teems: O. R. Xi. Co. to Honoluln Plantation. . , f 

The Home of the Feeble hfinded, located in this section, is doing good forestry work. 
Fewm: The k^'erest Re«S»rve fence Is in need of repair, only about one-third standing. 
Cattle Nhmy' enter this section from Manana. 

Forest Comr: Culebes arc e?el! filled near the Forest Becerye .line. Ridges slightly 
coverod. fieod^ heavy cover, thauka. HtaghoVn fern 4s getting a good jPoothold along trails 
and fench line. 
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TraiU and Eoa<h: All parts easily reached on foot — ^good trails. The Honolulu Planta- 
tioii Coiniiany has a good ditch trail well up the main gulch to their uj)per intake. 

Stock: No stock is pastured in this secti<m. 

There are a large number which wander over from Hanana, as the Porest Reserve fence 
is all down between the two sections. 

MANANA 

Owned by the Oahu Railway and Land Company. 


Jrea and Classification: 

Cane 350 acres 

Pineapples 320 acres 

Forest Reserve, exempt 1.180 acres 

Waste Not known 


Leasts: Honolulu Plantation (’ompany, 

Libby, McNeill & Libby Company, 

Small holders of ]>ineapple laml. 

Ffiv^cs: The Forest Reserve fence at 1,100 feet elexation is noxv down and in need of 
repair. No attempt has been made to keep fences in condition. 

Forest Cover: The main gulch is xvell filled x\ith knkui trees xxhich are slowly creeping up 
the small draxvs on the hides. Ohias in bottom and sides rather scant and scarce. Koas on 
tlie south slojies only start about one-third from bottom and extend to one-third of the top. 
The whole area is about two-fifths covered. 

Trails: In the gulches, wagon roads go up to the toj> of the ridge wdiere the pincaj>plos 
are cultivated. On the main ridge there is a good truck road xvell up to the top of the ridge. 
The approach to this road is the turn at Pearl City and through the Plantation camp at the 
top of the hill. 

Stock: This is one of the main feeding places for the Oahu Railway and Land Coin* 
pany ’s stock. There is more stock in this section than any other place between Moan^jua 
and Waimea. 

WAIAWA 


H. P. Bishop Estate, oxyner. 

Area and Classification: 

(’ane land 1,740 acres 

Pineapi)le laml 9(37 acres 

Foreht Reserve, exempt 4,000 acres 

Waste 3,733 acres 

Other lands 190 acres 


Leasts: Honolulu Plantation (-ompany. 

Oahu Railway & Land (U)mpany — all above (lovernmont Road. 

Small holdings. 

Fence: This fence has been ke})t up in places where it crosses trails. It is in the .»*ame 
general rundown condition as all the other fences along this reserve. At times, there are indi- 
cations of a few head of stock inside the reserve. The boundary fence between Waipio and 
Waiawa is in poor condition. 

Trails: Pineapple roads and trails come close to the Reserve. The Waihole Water (Unn- 
jniny’s trails cut into the very center of this section. 

Forest Cover: This section of the Reserve carries a reasonably good cover, the majority 
of the trees appear to be strong and healthy. The gulches are well filled w'ith koa, ohia 
and kukui, also numerous stands of mango, breadfruit and bamboo. There are not as many 
wild hogs in this section as are found in other sections at the same elevation. 

Stock: At certain seasons of the year there are indications that stock breaks through from 
Manana (0. R. & L. Co. ^s cattle) and have the run of this land in the vicinity of the Forest 
Reserve fence. 

Summary: The plantings we made in this section amount to 4,000 in several different 
locations and all are doing well. 
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WAIPIO 

John li Estate, owner. 

Area: 16,250 acres. 
dagsifieation : 

C^ne lands 5,043 acres 

Pineapple" lands 4,712 acres 

Forest Reserve, exempt 5,000 acres 

Rice and kiila 302 acres 

Waste land 1,193 acres 

teases: Oahu Plantation Company, 


Pineapple lands to Hawaiian Pineapple Company and Libby, McNeill & Libby. 



Fig. 18. Native forest in pocket back pf Kaliuku. 


Fmdes: Forest fences across this section are in better condition than any other part of 
the line of Ewa Forest Reserve. li Estate maintains them and also a large area is fenced out- 
side the Reserve for the protection of an area planted to trees. 

Forest Arm: Area inside of Forest Reserve fence well covered; gulches filled with kukui 
type of forest. The ridges are heavily covered in places with koa and lehua. In the past, this 
section has been worked over lor wood. Numerous wood roads and trails arc kcattered over 
this area. Apparently only broken and fallen trees were used for wood; as the result of this, 
many of the trees now standing are quite fine specimens. 

The ipwners of this section have been engaged in reforesting much of the land outside 
the Reserve. They have spent eoniiiderable money in planting and caring for a large area of 
eucalyptus trees. They still maintain a few mhn, growing and planting. 

We have planted up several small areas in this section on several different ridges and 
idopes. These trees are all growing well. 

The staghorn fern Is a serious obstacle to planting in this section. It is also a serious 
aumace to the remaining' forest as it dries out quidily and bums like tinder. 

\ and Roads; As this seetion is devoted to pineapple culture well up to the forest 

line, wag^ roads estend up ail the valleys and on most of tho .tldgea 
idloeh; There is no stock at lai^ in this iseetion. 

‘ ♦ , > 
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WAIANAE UK A 

U. S. Army lands. This entire area is devoted to military use. 

The area is fenced on all sides. 

No stock is permitted to be at large. 

The area included in forests is fully protected and additions by further plantings are 
being carried on. 

The Army has planted about 20,000 of our trees in this area. Bett(*r than Ou |M*r cent 
of tliese are now growing. 

WAHIAWA 


Owners: Territory of Hawaii 152 acres 

Waialua Agricultural (.’onipany 100 acres 

Wahiawa Water t'ornpany 


A number of homesteaders and other snail holdings. 



Fig, 10. This area adjacent to that shown in Fig. 18 carried the same forest cover until it 

w^as ^lestroyed by stock. 


With the exception of a few hundred acres of cane, all the agricultural land in this seel ion 
is devotefl to pineapple culture. There arc two dairies operating here. Their stock is kept 
in herds. At times they get aw'ay and wander over into the U. S. Army lands whore they 
have done some damage to trees planted by us. 

Fences: There arc no Forest Reserve fences across this area and from all indications 
the fence was never constructed beyond the boundary of Waianae IJka and Wahiawa. The 
Wahiawa Water Company has a water reserve adjacent to the Forest Reserve line which 
is kept fenced and all trespassing is prohibited. 

Forest Cover: Wahiawa above the Forest Reserve line is well covered, and with the 
plantings made by us below the present Forest Reserve line, Wahiawa is well taken care of. 
There is room for more plantings. Hand sown Ficus seed is getting a good start in this 
section. 

Trails: Pineapple and old wood roads reach into all parts of this section. The Wahiawa 
Water Company’s ditch trail, which is up the south fork of the north branch of the Kauko- 
nohua stream, will take one up into the very heart of this section. 

Stock: There is no stock at large. 


4 



308 


PAALAA 

Ownoil by the Waialua Agricultural Compauy and the B. P, Bighop Estate. 

Classification: 

Sugar cane - * 800 acres 

Pineapples 1 3,600 acres 

Fences: In 1906, IWre was a fairly good fence across this section, well up into the forest 
Ixjtween the 1,200 and 1,600 feet contours. There are only traces of this fence to be foUiul 
now. If it is to be reeonstrueted, the Forest Beserve line should be brought niuch lower, at 
least to the limits of the present pineapple areas and to include the areas which we have 
already planted, at least 100 acres. 

Forest Cover: The forests in this section have been protected during the past decade 
and are now in fair coifdition. Logging for firewood has been rather hartl on some portions 
during the past few years but they are recovering and have opened up an area, giving us a 
chance to plant in sheltered places. 

Trails and Moods: Pineapple roads and wood roads have opened up this section so that 
all parts are accessible. 

8tocJc: There is no stock at large. 

KAWAILOA 

B. P. Bishop Estate, Owner. ' 

Area: Total area 14,250 acres. 

Classification: 

Cane lands 4,475 acres 

Pineapple lai^s 2,200 acres 

Forest Reser^te ' None 

Planted to fwest. 1.000 acres 

Waste lands 3,200 acres 

Pasture, etc; 3,375 acres 

Leases: Waialua Agriciittural Company. 

Fences: At one time (prior to 1910), there was a good forest fence across this section 
above the l,000*£oot contour line. On account of the withdrawal of stock from this land, 
the repairs on this fence were not kept up so that little of it now remains. 

Forest Cover: There are some good stands of koa f,nd ohia in detached areas, , <Slagliorn 
fern is very abundant, covering large tracts of land, . ! 

The Waialua Agrieultural Company has made very exteusive trees 

and 1 UMV has a commercial forest covering approximately 1,000 acres. A coMpN^ble part of 
this area was planted some ten^ years ago and many of the trees bnipt^llttained remarkable 
size. Yiirious species of eucalyptus constitute the bulk of this pointing. 

The Waialua Agncultura) Company has been getting firewood out of the native forest 
and we have planted 7,880 trees in some of the areas which have been cut over. These are 
making good growth. 

Trails and Roads: Wagon rOads built for logging purposes extend well up into the native 
forest. The Hawaiian Pineapplf Company is now opening up considerable areas for pineapple 
culture and is improving the jri^s. 

Stock: There is aup|MNM»d to bo no stock in the mauka lands of thi» section. They do 
break through the boundary fence from Waimea, how^ever, mid work their way for a mile or 
so into Kawailoa. On one occasion, they destroyed numerous trees which we had planted. 

• • WAIMEA 

A. W. Van Valkeittarf, et hi, owners. 

Area; Total area, approaiinht^ 5,710 acres,. 

Classification: ; . ‘ # 

^ Ranch aji|^ .watte lands..«...^.w;«.,.. .... w. 5.310 acres 

Pineapple lahds , . . . - • , . i 400 lucres 

Leases: Ban^ Ismds to O. XC A 
^ Pie^pple*)fadb 

Fends: A is mlMatained ^ Waimea and Kawailoa. 

Pineapple lands all f^i^^ln^koep t||ock niu ' : , ^ 
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Fwtgt Cover: The forest cover is good only in spots and, upon examination, it is found 
that these good spots ai^ on steep hUlsides or flats inaccessible, or nearly so, to the stock 
irhieh has the run of this entire area* 

In 1922, we planted 2,300 trees in protected places in the lower lands of this section* In 
July, 1922, I made a trip well into the interior of Waimca and scattered seeds of Ficus 
wacrophpUa. A few i^onths later I found numerous seedlings which had taken hold and 
were growing. 

Stock: This area is made to do hea\y duty as grazing land. The stock penetrates to 
the very crest of the Koolau mountains* 

KAHUKU SECTION 

Oonprises the following land diyisions; 

Kaimala, Pahipahialva;' Opana, Hanakaoe, Kahuku, Keann, Malaekahana, owned or con- 
trolled in main part by the Campbell Estate, and has an approximate total area of 13,000 acres* 


Classifkoiion : 

» Cane * 2,310 acres 

Pineapples 2,513 acres 

Pasturage and other lands.....* 10,204 acres 


Leasee: O. B. & L. Co., who sublease to various lessees. 

Fences: The only fenees on these lands are for the protection ot sugar cane, pineapples 
and one small section of forest land fenced in 1922 by the Kahuku Banch and O. B. & L Go. 

Forest Cover: There still remain in the upper lands some of the native forests in sur- 
prisingly good condition when one considers that this entire section has been used as grazing 
land for many years. In the upper forests, one sees' larger koas than are found in any other 
part of Oahu. This land would probably come back into forests to some extent if given pro- 
ttMition from stock. 

In Kahuku, a small area (25 acres) was set aside in June, 1922, fenced and planted. All 
these trees arc doing well. In the one year that this has been fenced you can see an improve- 
ment in the undergrowth. 

Trails and Foads: This entire section Is quite accessible; some pineapple roa<ls reach 
well up on the ridge while in the gulches and on the higher levels there are good horse trails. 

Stock: Outside 6f the areas fenced off for cultivation and the 25-acre forest tract men- 
tioned abo\'e, stock has the run of this entire section up to the very crest of the yango. 

As these lands join Waimea on the crest of the ridge, it can be seen 
at this end of the island is given over to grazing. ' 


H 109 at Kaiwiki 


While we do hot reconunend H 109 cane for high elevations, we find much 
interest in ^ showing it 1^- made at 1,800 feet elevation at the Kaiwiki Sugar 
Company, ' The followit^ -^ta, on a small area of this cane recently harvested, 
has beeti. sufjilied us by Mr. James Johnston, Manager of that plantation : 

Caaie, H «»; 

Second ratomu; 

1,800 feet elevation; 

Area, AfS aere; , ^ 

of eane, IS.OO; * ■ 

' 18.7; 

, ltd; 

■ P«%, 88.0} 

" Tone vi eane i<w ton of ingaf; , 

' ' ^ 

s'.,'. 


H. P. A. 
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Overhead Irrigation at Hawi 


By J. S. B. Pratt, Jr. 

A very detailed study was made of the overhead system of irrigation now be- 
ing installed at Hawi. Manager Henry Hind very kindly supplied data and 
every assistance possible in the inspection of the system. 

Overhead irrigation is not new to the Islands or to Hawi. Maui Agricultural 
Company had a small test some years ago. Makaweli has had a small field of about 
six acres under it. Mr. John Hind, until last month manager at Hawi, has been ex- 
perimenting with it for years in a small way. In fact, Hawi has been a center 
for experimenting in new loading systems, implements, etc. But Manager John 
Hind has gone beyond the experimental stage with overhead irrigation, and 
has installed a system that will change his entire plantation conditions. He 
has been ably assisted by his sons, Henry Hind, now manager; Oswald Hind, 
head overseer; by the chief engineer, \V. B. Woodside, and the rest of the 
plantation staff. 

Ilawi Mill and Plantation Company is on the northernmost point of the 
island of Hawaii, the north Kohala plantation. It is subject to strong dry winds 
and dry weather. The soil is a very porous granular clay to loam. 

The jdantation has a cane acreage of 3,750 acres, 2,073 of which are irrigated. 
Due to labor and water shortage, this year’s crop is very small. 

To understand what the overhead system means to Hawi one mu'st really 
know what Hawi has been up against. All of the Kohala plantations have a 
shortage of water during the summer months. Due to the porous nature of the 
soil, irrigating under the old system is a difficult problem. Water reaches with 
difficulty to the end of a line of 30 feet. This means a loss of water in both 
ditches and lines from seepage. Under the old contour system, it required 1,300,- 
000 gallons of water per day to take care of a 100-acre field. Under the overhead 
system 750,000 gallons are estimated as being the recjuired amount. At present, 
many of the fields have had to be neglected because of labor shortage, and owing 
to the poor stand in the ratoons, caused by the inability to get on water after 
harvesling, and to the lack of water to properly care for them. It is expected 
that this condition will be entirely overcome by overhead irrigation. At the end 
of this article are given the advantages and the disadvantages of the system as ihe 
writer secs them. 

Knowing Hawi’s conditions, and seeing how perfectly the system is working, 
one feels justified in commending the system for Hawi even though the initial 
cost is a big objection, but which is really the only one that could be raised. 
After seeing the system work, it is the writer’s opinion that it could be used to 
advantage in Hamakua and many plantations in the Islands. 

Hawi this year made a rational move. Mr. Hind’s 2-acre experiment that 
he has had a number of years, proved to him the merits of the system Already a 
100-acre field is installed. Another 88-acre field is being laid out. Next year, of 
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their entire plant cane area of 500 acres, possibly half will be in the new system 
if this year’s extensive trial justifies such a course. 

The costs at first ran high, naturally, as much experimenting had to be done. 
The system when dope on a large scale sq that pipe, fittings, etc., can be purchas- 
ed on a large order, <tan be installed for a cost of between $150 to $175 per acre. 
There are so many factors that enter into this, largely the nature of the terrain, 
that no set rule can be made for each field. In fact, the system must be modified 
for each field, and with a 25-foot contour map of the field, one can do practically 
all of the figuring of the installation in the office. 

The installation of the overhead irrigation system is an engineering rather 
than an agricultural problem. After it is installed, the field is handled in cultiva- 
tion as an unirrigated plantation would be, except that moisture can be absolutely 
controlled during the dry season. 

Laying Out the System 

As has been said, every field is a problem in itself, and largely an engineering 
problem. A contour map of 25-foot intervals is prepared, and from this prac- 
tically the whole system can be laid out in the office. 

Field Hoea No. 12, the 100-acre field first installed, was an even field, at an’ 
elevation of 340 feet.' To give enough head, 920 feet of 6-inch main line was 
laid back to the 400-foot level. About 30 pounds pressure is required at the 
trunk line. 

In the new. field. No. 10. of 88 acres, it was figured that a saving could be 
made instead of running so far back to give the initial head, by placing an electric 
pump at the head of the main line, to give a pressure of 40 lbs. The saving in 
pipe would about pay for the pump. The new field has a branch main line. 

The Overhead Systeai For Ideal Layout 

An ideal field layout would be a rectangle with the trunk line going down the 
center, and laterals branching from its both sides at a distance of every 56 feet 
(14 lines of cane, 4 feet wide). The standpipes would be 60 feet apart, and 
the pipes to supply the system would have to be figured from tables of pres- 
sures. Optimum length of laterals would be 400 feet. 

Tables of Pressures 

Weston “Friction of water in pipes.” 

The Pacific Woodstave Pipe Company’s literature. 

Remco f*acific Woodstave Pipe Company’s literature. 

These three works have been consulted for pressures for the conditions in 
question. The plantation has prepared a chart for their use, to show what reduc- 
tions to make in siaes of pipe for different distances on lateral and main line and 
still give SQ lbs. pressure at the trunk line. . 

ikn^aps the best* way to describe Hawi’s installation is to take it up in 
dfitall. Pu^res were taten to bring out details hard to describe, and the.se will 
be seen at tlw end of the report with a map of 'iAttr new ffdd ( Field 10) now 
behigpntiii. 
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CovERiKG OF Pipe. 

Hawi covers the main line pipe only. A furrow is made, the soil shoveled out. 
Then a subsoiler, pulled by a two-mule team, one animal on either side of the 
ditch, loosens more soil, for further shoveling. Here a Martin road grader, as 
used by Kilauea, couh} be used to advantage, unless there were too many rocks. 
The lateral pipes are not covered, but are laid beside the rows of cane so as not 
to interfere with cultivation. 

The field i.s to be run for one plant and four ratoons, or ten years, and the pipe 
' will be so depreciated by that time that when the field is plowed again, the value of 
the lateral pipes will count for little. With Kohala's salt air, they will be about 
rusted out anyway, so that plowing can be considered at that time. The main 
lines are only just buried, possibly 8 inches. Laterals will not give trouble in the 
harvesting as cane will be flumed. They can get water from the box at the head 
of the main pipe. 

Main Links 

The size of the main line depends on the contour, the heads, length run, e'.c. 
The first field (Hoea 12) laid out was as follows: I'roin an elevation of 398.6 
ft. a 6" woodstave pipe was run 920 feet to the top of the field, elevation 
340.2 ft. The pressure here of 25 lbs. is reduced to 14 lbs. when all sprinklers 
for a day’s irrigation are in use. From here the main line continued as 6-inch for 
2,500 feet, to elevation' 200.3 ft., head 197 ft. From then on to the bottom of 
the field, 1,400 ft. more, a 4" wood pipe was used. 

In field 10, shown in Figure 1, the main line is not run back to give head, but 
a pump is installed to hold 40 pounds pressure. One main line has 6" reduced 
to 5", reduced to 4", reduced to 3", then to A large lateral 8" carries to 
the other main line. This pipe could have been smaller, but was ordered before 
the pump idea was decided upon, to be the pipe run back for head. The line is 
reduced from 6" to 5" to 4" to 3" to 2", as shown on map of field in Figure 2. 

^ Pump 

It will be noticed that the pump will only be in use for the upper half of the 
field. The lower half will have enough head of its own. 

Lengths of Main Pipe 

The woodstave pipe is made in various lengths. It is of redwood or spruce 
and covered by tarred cloth. Several companies make such pipe, and there are 
local agencies for the pipe in the Islands who can supply details as id cost, fric- 
tion, etc. It was decided that the wood pipe is the best for the main line. Lat- 
erals are well galvanized. 

Fittings 

No set fittings cain be given, because the requirements of each field would be 
different. There are no valves on the old field. The new ^eld has several large 
S-Inch and 6-inch valves at the head of the main line by t'.ie^ump to let water go 
ih^ two Systems. Elbows, nipples, reducers, unions, and tees are all needed on 
tbfs t^dral. For exan^le, from the S-inch pipe line to the first standpipe would 
be the folbwing Fittings run into considerable money, and very careful 

1^1 nndae a saving. ’ 
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A very ingenious device has been worked out by Engineer Woodside to keep 
the pii)es from clogging with dirt, “limu,” etc. A box flume carries the water 
from the main ditch. A box one foot deep settles all the silt. This box is lower 
and has a small 6 -inch gate to sluice the mud out. Then comes in the flume, a 
waterwheel working a .set of scrapers which .scrape all moss, etc., that might 
settle on the screen. The screen is of a very fine mesh. All water passing 
through the screen, then, into the main line is quite free from foreign matter, etc. 
Later, of course, when the lateral pipes rust, there will be some sediment in the 
pipes, but as the standpipes are ten feet high, the sediment could be blown out 
occasionally at the end of the laterals. 

Gauges 

A ])rcssure gauge is installed at the head of the field on the first lateral, but 
others are placed in occasionally to check the pressure on the various lines. 

Pressures 

A pressure of .10 lbs. is wanted at the main line. 

Laterals 

llawi has a good wind that assists them in distributing the spray from the 
nozzles. They have placed their laterals 55 feet plus off the main line, probably 
56 feet, as the lines follow the rows of cane, and as the rows of cane are planted 
4 feet apart, 4 times 14 equals 56 feet. Standpipes are 60 feet in the laterals; 

The amount of water going into the lateral is regulated by a one-way cock. 
They found that two one-way cocks were cheaper to put in than one two-way 
cock, where laterals go both sides of the main line. 

The size of lateral pipe varies from 2 inches down to ^4 inch at the last 
standpipe. 

Laterals are not buried. 

Jt is very essential in order to make a saving in length of pipe for the laterals, 
that they run perpendicular to the main line, and naturally, then, the rows of cane 
have to follow the same way because the pipes would interfere with cultivation. 
The perpendicular would be the shorter line. On a lateral 700 feet long, as in 
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the first field laid out at 90°, if it came out at 45° Instead of 90°, the lateral would 
have been 989 ft long. At 60° it would have been 808 ft., and at 80° it would 
have been 709 ft. 

Optimum length of laterals is thought to be 400 feet, more or less, depending 
upon the individual lajrouts. 

Standpipes 

By roadways where the prevailing wind catches the spray, the standpipes are 
only 5 feet high. They are 10 feet high in the rest of the field. When the field 
was first tried out, the standpipes were rtiade 5 feet, so that adjustments could be 
made very quickly on the nozzles. When the system worked well, they were 
lengthened to 10 feet. Hawi’s cane is much shorter than at some places, and the 
strong winds there give a very good distribution. Occasionally it was found that 
the spray at the road would not be given equally so that there were a few dry 
spots. The field planted is D 1135, 3 feet high and an excellent stand, show- 
ing that the water is well distributed under their conditions. 

‘Skinner System . — To give a better distribution by the roads where the wind 
was more variable, the Skinner system of an overhead pipe for the first standpipe 
was tried with success. This was set back from the road. It clogs more than 
their type of sprinklers. 

Standpipe . — All methods of placing these were tried, on equilateral triangles, 
on squares, etc., but the system decided on finally has the first standpipes 5 feet 
high, at the edge of the road by the main line (where the wind is in that direction), 
and then 60 feet in the next standpipe, so that they are all in a row. The reason 
the standpipes are 60 feet apart is to save cutting pipe, which comes in 20-foot 
standard lengths. The standpipes inside, as has been said, are 10 feet high and 
are not guyed. By each standpipe, however, is a piece of 2 by 3 driven in, 
to which the pipe is wired. 

Each lateral is numbered on this wooden block, so that a lateral may, he re- 
ferred to, or a record system be kept on the irrigation. 

Sise of Pipe of Standpipe — Three-quarter inch pipe with bell reducer to 
and nipple to the sprinkler. 

This distribution of standpipes is working nicely at Hawi. Places without 
wind and with taller cane may have to have them higher and closer. Makaweli 
had them 80 feet apart and 25 feet high, g^yed, but Manager Baldwin there, be- 
lieves that they should be 60 feet apart. The higher, the more difficult, of course, 
in removing the sprinklers. 

. SfRlNKLERS 

•All types of sprinklers have been tried, but none have done so well as the 
one Hawi makes in their ot/n shops. It is made of brass and costs 45 cents. A 
detail of it is given in Figure 3 aa. a picture. The features of their sprinkler are 
these: Thw^ are three holes at 45° for the water to fqrce i|self in the revolving 
part. The uj^r portion has two nozzles at 45°, and ahput 4 inches long, and the 
point is to force the water further. 

Th^ of sprinklers per acre at 56' x 60' is 13. 

WaiM^t that leaks through the top of the Sjprihkler gives a better distribution 
.ucat the ■ 
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A new feature to be tried is a washer to be placed in the lower part of the 
sprinkler, with various sized holes to regulate the pressure at each nozzle. To 
establish what size washer to use, a pressure gauge is put on the standpipe, and 
from a table they have prepared, the opening in the washer necessary to give the 
required pressure at the nozzle is found. 

The amount of water to go through each sprinkler is calculated at 4 gallons 
per minute per sprinkler for 12 hours. 

Irrigating 

The water is turned on for 12 hours in one battery of about 160 sprinklers. 
There is a day man and a night man. The night man turns on another battery. 
This they figure is equal to 1 5 ' 2 -inch irrigation. 

In Field Hoea 12, the 100 acres are done in 7 days by the two men. There is 
no actual data as yet on the amount of water, but they claim 750,000 gallons will 
be what 100 acres of overhead irrigation requires. • 

Cl.OGGlNG 

There has been no trouble so far with clogging of the sprinklers. The fine 
mesh wire screen at the head of the main line keeps out foreign matter, and no 
rusting has yet taken place. But in big cane, if one clogs, a forked stick can be 
used to quickly raise the upper part of the sprinkler, and the water coming at 25 
pounds pressure will blow out any foreign matter; otherwise, the pipe will have 
to be unscrewed. 

The clogging is one of the few objections that could be raised to the sy.stem, 
hut Hawi has apparently thought out all of these troubles in advance. The sprink- 
ler in two parts with the screen to strain all water entering, may overcome any 
future trouble. 

Planting 

'I'he field is plowed, harrowed and made ready for furrowing. The main line 
I)ipe is installed and covered, and each lateral is made one length with cock on 
each. The field is then planted in .straight rows, 4 feet apart, and perpendicu- 
lar to the main line. The laterals follow every fifteenth line in, clo.se to the cane, 
so that line can later be cultivated. 

The cane could be planted with the new Larsen, Moler or Broadbent unirri- 
gated land planter. If planting is done in wet weather, there need be no haste in 
getting the laterals in. The laterals are not placed in until the cane is planted. 

Two men working together on a lateral can put in standpipes, sprinklers and 
2,250 feet of lateral in one day. The lateral pipe is place<l in the field before plant- 
ing but is not screwed together. It is not buried. 

Roadways 

Roadways should follow main lines, for laterals have cocks to be turned. 

Labor in Irrigating 

As has been mentioned, one man runs a battery of 160 sprinklers for all day. 
The night man changes to a new set. This leaves the man free to hoe, fix 
sprinklers in trouble, etc.; two men seven days or 14 men for 104 acres. They 
could take more acreage especially while cane is small. In the old system, one man 
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hardly did three-quarters to one acre with big water, or some 130 men for one 
round of irrigation, instead of 14 in the new system. 

^ Costs 

Costs were not gone into very thoroughly, as the costs would vary consid- 
erably for each field, installed. A plantation installing an overhead system would 
have to figure it out on an exact cost basis for each field. The first field of 100 
acres cost $168 per acre, but on a large, scale, the cost could be made for $150, 
it is believed. The main expense is in pipe and fittings. Installation and hauling 
should not be much over $12 per acre. 

The cost is the big item to criticize in the system, but $150 per acre, to cover 
a ten-year period is not a bad item, especially when one looks at all the advantages 
which are given at the end of this article. The saving of labor alone soon pays for 
the initial cost. . 

Mistakes and Fi’ture Improvements > 

Naturally, going into a big proposition like this, many little details had to be 
worked out. Many improvements have been made, and more will no doubt come 
later. 

First. The mistake made in the first field was that the laterals were too long. 
They were 700 feet and 'over. The optimum length of the laterals should be 400 
feet instead. 

Second. Instead of running a long main line back to get head, they believe an 
artificial head will give them cheaper results. They have electric power there, and 
only a small No, 10 wire carries the current for the pump. The pump is a 
“Cameron” from Catton, Neill & Co., size 4", giving 520 gallons per minute. 

Third. In the first field the lines of cane were not quite perpendicular to main 
line. In this way, laterals have little longer pipes than need be. 

Fourth. An improvement will be the washer placed in the sprinkler head to 
give the correct pressure flow through the ^rinkler. This is an individual ad- 
justment for each sprinkler, and corrects for unevenness of terrain, etc. Larger 
size pipe can be used, giving more head through less friction and can be adjusted 
for each nozzle. Instead of placing an order for several sizes of small pipe, a larger 
order for one size pipe can be placed, thereby effecting a saving. 

Fifth. A weir, or preferably a meter, should be placed at intake, so that actual 
water data may be obtained. 

Advantages of System 

(1) Water Regulation-' Any amount of water may be given, 1 inch or 5 inches, 
largely dep^ding on time turned on. 

(2) Water Saving: 1,300,000 gallons per day for 100-acre field under old 
style, only 750,000 un^r new, but this estimate has not b^n checked by actual 
measttrement. No seepage from ditches; but more evapera^on. 

(3) fidfwation: Cultivation is cheap. Unirrigated conditions. Very little 
ha^ lboa'i^. Secret is to get weeds when small. 

^4) Control of Moisture: After irri^tion, cultivation can be easily 

given, a soil mulch, therdiy retarding evaj^otatidh atid destroying young 

Weeds at the 0^ time. ' 



319 


(5) Water Immediately After Han>esting: It is the writer’s belief that the 
failure of H 109 to ratoon at Hawi is largely the inability to get water imme- 
diately on the ratoons after harvesting, due to water shortage and to a shortage 
of labor. 

(6) Labor Saving in Cultivation (Hoeing) and in Irrigation: This would 
soon pay for initial expense. For a 100-acre field, one round now costs about 
$14 at $1 per day. The old style would cost $120 at $1 per day. Even at $200 
per acre, labor saving would soon wipe out cost. 

(7) Fire Protection: Very apparent. 

(8) Hoeing: Less weeds from dirty ditches, etc. Cultivation by animals 
under straight lines gives big labor saving. 

(9) Area Saved: Saving in acres taken up by ditches, watercourses, etc. 

(10) Harvesting: Harvesting simplified by straight lines. No hapa lines. 

(11) Day and Night Irrigation. 

(12) Fertiliser: Fei;tilizer action not delayed by lack of proper moisture. 

Disadvantaces 

(1 ) The cost, $150 to $200 per acre, is a big item, but same covers ten years ; 
add interest on money to this. (See item 6 of Advantages.) 

(2) Some sprinklers are slow in starting, but are easily started by lifting 
with a forked stick. 

(3) Clogging later on from rust, etc., is possible, but many practical ways 
may be thought of to overcome this. 

(4) Evaporation loss, and loss through some water not getting to the roots 
through trash and heavy cane, compensated somewhat by less ditch seepage losses. 





Intake of the Main Pipe line 
in Field Hoea 12. 

This is 1120 ft. from the field 
where overhead irrigation is 
used. 
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Field Hoea 12, first field 
planted for use under the new 
irrigation system* The varie- 
ty is D-1135 cane* Note stake 
bearing number of lateral line. 




Silt Bo::. 

Manager Henry Hind stand- 
ing in box where screen and 
water wheel will be. (One 
main pipe Hue can be seen 
running to the right, another 
towards the horizon.) (Note 
rocky condition of soil.) ' 
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The sprinkler is cleared by 
lifting the upper part from the 
base. 


t 


This view shows the xletailed 
eonstruetion of the two parts of 
the sprinkler. Note that the 
stand-pipe is reduced from 94" 




Note straight lines, for cul- 
tiyhtion. Standpipes visible 
on horizon to right of horse. 
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This picture shows pipe line 
running close to the cane row; 
the standpipe and tJie pressure 
gauge can also be seen. 


Skinner overlicad system by 
roadway where winds are 
stronger. This system clogs 
mere than Hind system. 




These standpipes are wired 
to stake as shown here. !]^ach 
lateral line numbered for ref- 
erence in irrigation, hoeing, 
etc. 
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The Je$wiet Identification Characters of Sugar Cane 

By TWigg Smith 

I Dr. J. Jeswiet, of Jai'a, has established the fact that the arrangement of the 
small spines or hairs on the eyes and leaves of sugar cane is never the same for 
any two varieties. He has classified these minute hairs into seventy or more 
j groups. 

We first became interested in Dr. Jesvtdet’s work in attempting to establish 
the parentage of the seedling grown by Mr. Richard Lyman in Kapoho, Olaa 
plantation. This toas a seedling of H 109, but was thought by several people of 
the plantations and the Experiment Station to bear a marked resemblance to 
Yellow Caledonia. We have never been able to secure a seedling of Yellow Cale- 
donia. Repeated efforts have failed. If this Lyman seedling had Yellow Cale- 
donia as its male parent it would be a very important cane to us/e in our cane 
breeding work, for thereby an opportunity would be offered to use tassels from 
the Lyman cane to introduce Yellow Caledonia characters into our seedlings. 
Mr. Smith has, howler, been able to establish to our satisfaction, through the 
Jeszviet methods, that, the Lyman seedling shows the Jeswiet characters of H 146, 
and that that cane and not Yellow Caledonia is in all probability its male parent. 

This information results in saving time and expense that might otherwise 
have been given in breeding from the Lyman seedling in the hope and belief that 
it might be of Caledonia parentage. Another illustration of how this work is of 
commercial benefit to the industry is described as follows: 

The best cane for mauka lands, among our established varieties, is Yellow 
Tip, This cane, unfortunately, is extremely susceptible to mosaic disease and is 
so sensitive to it, once the disease is contracted, that the jfielf^ie^e reduced to 
such an extent that profitable crops are hardly on the other 

hand, is extremely resistant to mosaic diseoaoi^'"^ ' 

We have grown hundreds of seedlings, taking tassels from Yellow Tip, in 
localities where there were prospects of obtaining crosses with D 1135. Out of 
800 such seedlings at the Manoa substation, 200 have been selected: for preliminary 
plantation try-outs on Kauai and Hawaii. This work will be greatly facilitated if 
we can establish to what extent we hcwe succeeded in actually obtaining crosses 
between Yellow Tip and D 1135. 

• Mr. Smith fin examining some of the seedlings, finds unmistakable evidence of 
D -IISS characters in these YeUow Tip seedlings. There are reasonable prospects 
.tMk !emiong' such crosses we ttnll find varieHes which mainiain the vegetative vigor 
an^Mft^Mrsuppressing qualities of Yellow Tip combined with the mosaic disease 
fr^sirhnee of D 1135. 

StiB another instance of the possible benefit fronp thi^work'will be in estab- 
defimte identifietdions of the scores of seedling cagses which are about to 
ossnuie}Sbmpnercial sigmfiomce on the plmtations. „ 

\-:fi^pfnim,-ariicle' deals zoitKthe study of tucert^mg the parentage of the 
' P. 4, . '■ 

Ml to Use woik of of otif sugar cane 

and of detet^iung, where possible, the paTcnjlage of seedling 
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varieties I have taken passages from the published articles* of Dr. J. Jeswiet. 
This abstract of his work follows r 

From the moment that m Java the importance of cane selection was realized, a want 
was felt for a proper manner of description by which the varieties might be recognized. With- 
out ^uch a description, it is natural that in the culture of many varieties of cane, confusion 
may cause great losses of time and money as by mixing an early ripening variety with a late 
ripening one, or the mixing of canes of low and high sucrose content. Also it ha^ of ton hap- 
pened that a once condemned variety has reappeared under another name. The same applies to 
the Importation of foreign varieties for which we have no guarantee as to genuineness of char- 
acter. Therefore reliable descriptions are of great value to check importations as well as to 
establish our own varieties, giving us an insight into their relation and their origin. It is 
also of great use in judging the seed consistency of the ty])cs obtained from rej)eatcd self- 
foundation. 

Method of Description 

The stalks of cane can be separated into two groups: Flowering and non -flowering. 

The differences manifest themselves towards the flowering period, when the stalks that 
will flower begin to show changes in the tops. The upper leaf sheath becomes very long and 
the leaf blades keep getting shorter. The upper internodes which carry the flowers are longer 
and the eyes are absent. 

The non-flowering stalks always become longer than the flowering ones and towards the 
finish of their growing jieriod form the so-called ‘‘top bibit or seed cane, a series of short 
joints with strongly developed eyes and root eyes. 

I have based my method exclusively on non-flowering stalks. This method, then, is 
applicable on non-flowering crop cane on top bibit (seed cane) and on the plant cane from 
4 to 6 months old, both with the leaf top on. Plant cane below that age also checks, but the 
hairing on the leaf sheath especially may fail at times. With older cane the hairing on leaf 
sheath is a safe and reliable characteristic. 

Besides the characteristics which indicate the variety we must look for smaller Bertillion 
marks which indicate the individual within the group. These characteristics must he constant 
as much as possible and little dependent on exterior influences. Important from a morpho- 
logical standpoint, they may have little value physiologically. 

1 believe these characteristics to have* been found in the hairing of the eye scale, the 
leaf sheath and the blade. These grou})S have proven sufficiently constant and can be used for 
the description of individuals from the typo Baecharum oflicinarium, as well as in the syste- 
matic system of the botanical types of the genus saoeharum. 

While the shajM? of the eye may alter in cane of different ages or environment, the hairing 
suffers least in variation. 

Other Characteristics That May Be Used in Determining the Variety 

Fairly Good Characteristics 

Cork Cracks, Fine cracks in ground tissue which later dry up, leaving marks. 

Growth Cracks, Deep cracks running with the stalk sometimes into root ring. Borne- 
times called wind cracks. 

Minor Characteristics 

Length and Thickness of Cane, These arc greatly influenced by outside conditions, such 
as poor soil and irrigation. 

Color, Is very changeable according to exposure. Never can the stalk color be taken as 
a basis for classification. 

Wax layer. Varies for different locations. 

Shape of the Joints, Also may be changed by different causes, such as drought, tem- 
porary stagnation or stripe disease.^^ 

* Trom the Description of Cane Sugar Varieties, Part 1, Morphology of Sugar Cane,’* by Dr. J. 
Jeswiet, Chief of Division on Cane Improvement at Pasoeroean. Archief, XXIV, Part 1, 1916. 




^ ?**“** «®P® P®™» visina, wings 

^ ^ hairgroupa by mmbesm oeeurring on that 

i ■W* ^ fy and D, groups oeotkhriiig on gorm poro. . 
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Circxmfercnce. Length and position of the joints very variable. 

Eye Groove, Bometimes present, often absent in same variety and same stalk. . 

Growth Bing, The zone separating the root ring from the joint, color changeable, but shape 
and general appearance a useful auxiliary characteristic. 

Boot Bing, Shape and location reliable. 

Boot Eyes, Tho number of rows of root eyes is of great value in classification of the 
botanical variety. 

The Eye 

There are two main shapes of eyes, round, Fig. 1, and oblong, Fig. 2. In round eyes the 
wings are attached above center, in oblong below. The place of attachment is called the wing 
corner. Round eyes have a more or less central germ pore, oblong eyes an apical germ 
pore. By germ pore is meant the opening developed by the swelling of the eye through whicli 
the young shoot emerges. The scale nerves or veins lead to the germ pore, causing a great 
difference in appearance between the round and long eyes. 

Between these two types of eyes all kinds of transitions exist, but the hairing of the eye 
remains comparatively constant. The position of the eye in relation to the stalk can be quite 
different in different varieties. It may be growing in a deep cavity, pressed close against 
the stalk, or standing clear away from the stalk. 

All cane eyes are more or less haired. The kind of hair is very different for the different 
varieties and is to be found in always reproduced groups making it possible to recognize tho 
different cane varieties. It is clear that both presence and absence of the groups are to Iw; 
considered. The appearance, extent, as well as the length of the hairs is subject to variation, 
but in a small number of sticks taken at random an entirely sufficient number of eyes can 
be found which corre^ond with the typical hairing. 

To facilitate recognition all the hair groups have been given a number as shown in Figs. 
1, 2 and 3. 

Following is a description of the groups with their specific numbers: 
j Front View OF THE Eye 

1. Fairly long white hairs on both sides of the eye scale below the connection of the 
wing; common; of variable extent. 

2. Fairly short white hairs, at times interrupted by groups of long hairs, alternating 
with scale veins, sometimes a strong group of long hairs covering up the short ones; common. 

3. White, more or less long, covering up group 12. 

4. Long white hairs, sometimes just at bate, at times over entire edge, again, leaving 
top free. 

5. White, generally long, mostly in varieties with long stretched eyes as H-146, strongly 
pressed together, waxed or straight haired group at top of or in between veins, sometimes only 
on one side. 

6. Short brown or black hairs between the veins, similar to growth between veins on leaf 
sheath; common. 

7. Short brown, at times long and white. Nearly exclusive with round eyes, or wh(»re 
there is room above germ pore, not always one definite group, sometimes detached groups. 

$, Long white hairs, starting above the wing corners extending nearly to top, leaving 
top free, growing on junction of wing and scale (extent shown a little short in illustration to 
make room for groups No, 12-13) . 

9. Long hairs showing in the germ pore growing on the surface of second scale, very rare. 

11, Long white hairs on the edge of wing and blade, or on the wing just below the wing 
top, generally pressed against the wing, sometimes extending beyond it, mostly waxed. 

Hr. 0. A. Barber in the Memoirs of the Department of Agriculture of India (p. 146, Yol. 8, 1916) 
aara: **The question of striping is always of interest. One would expect in seedlings of a striped cane a 
larger proportion of cases with striping in the stem. This does not appear to be the case. The striping 
breaks down completely in the seedlings — ^when it occurs it is seen in striping of some of the younger 
leaves. The ^ color of the parent has some little influence, although comparatively little on the color of the 
seedlings derived from it, the proportion of green being most uniform.*'] T. S. 
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12. Adjacent small black hairs, sometimes extending all over wing or only on parts. 
Primitive and present in all varieties. 

13. liong adjacent white hairs, on wing surface, sometimes over entire surface, at times 
envelop group 11. When group stops, group 12 appears again. Bare. 

15» Long white on top of scale at times short and dark. Sometimes occurs by itself as a 
group, at others a continuation of No. 4. 

1‘6. Long white hairs, surface of scale close to wing border line above lateral group 1. 



Pig. 3. Plan of back of oblong eye showing, by numbers, part of the hairgroups occurring 

on that side. 




If. Long w)ijte hairs Ijing eloee together between scale nerves, sometimeB mixed in with 
No. 6. 

24. Short white or brownish hairs on top or overlapping edge of scale, generally on upper 
half, very cbaracterjistie. 

25. Long white, seen through extended germ pore growing on second scale. 

30, Short brown, on^edge of germ pore. 

31. I^ng white, at bhse of overlapping edge, generally pointed down. 

Back View of the Eye 

10, Long white, generally on the scale between veins but may extend on the wings, varies 
greatly in number of hairs, often of two parts. When extending on the wings often absorbs 
wing groups equal to 11 on the front. 

14. Long white, similar to No. 13, but on the back — seldom seen in Saceharum ofOicinarium, 
characteristic for the wild grown varieties. 

15. More or less long white hairs on basal edge at back, sometimes only in center, at 
others clear across, may be a solid line or alternate with the nerves. 

19. Long white hairs, sometimes confined to the corner, at others extending towards Iho 
center. 

20. Scattered short brown hairs between nerves. 

21. Sliort brown hairs, may extend all over the wing. Common. 

22. Long white hairs, a narrow ribbon on edge of wing and scale, often a connection be- 
tween 19 and 10. 

23. Short brown hairs on top of scale, connects with short hairing of 21, sometimes 
covered by 10. 

25. Long white between nerves, a silky apimarancc. 

26. Long white in wing corners. 

29. Long white only on very wide eyes. 

The Sheath and Leaf Blade 

Color, waxing, size and position vary too puch to be of special use. The 
shape and hairing of the Hgule are an especially good characteristic for the botani- 
cal varieties. The joint triangles, the zone right behind the ^gule vary coiv 
siderably in shape and hairing for the different varieties; sonietimes they are 
absent. 

The hairing of the sheath and leaf, however, is constant and is of great value 
in determining the variety. See Figs, 4 and 5. 

Outside 

Qroup Soft, silklike, white, long, extending beyond leaf edge growing behind the 
ligule on the joint triangle, never reaching the midrib, but reaching up to loaf edge, longest 
at leaf edge, growing smaller towards midrib. Present in all varieties of Saeebarum 
ofileiDarium. 

(Treap 5$, Short feltlike white hairs, between nerves on joint triangles (not a very 
qignifieaat group). 

OMip Long silklike lashes on lower part of leaf edge above joint triangles, often 
eontlnned up leafy at times broken off, leaving sharp hooks on edge of leaf, both sides. 

Qfmp B4, White hairs on the upper edge sUiricles, varying length. 

Qnmp Long white on edge of upper part of overlapping leaf sheath, rore. 

Bf, Long white hairs in center. Yery important^ chanfes in extent, may start 
hijgh or low, narrow or wide, etc. Length of hairs, position and quality variable. See H409, 
ZiiMnaf etc. Bomfstimes missing entirely. 

^ 4$. A. ring of hairs on leaf sear, in nearly all varieties in young suckers. Fairly 

mi# in mitnre cane. 

, Ofmp Long white lateral groups, rare, a narroWp4Mnly. growing group, example 

mm, . 
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Pig. i. Plan of sheath and juncture of sheath and blade of the leaf with hairgroups by 

bers, seen from outside. 


num- 
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Qnmp «f. Silky, long, white hairs at base, fairly fro^nent, 

Qnmp «??«•■ ®*P aheath, fairly rare. 

Qrmp 67. Volret hairing on loaf surfaee, rare (not shown). 


Inside 


Grm 65. Genorally fairly long white, sometirfies extends up midrib. Grows on midrib 
behind lignle, rare," 

Group 58, Very short, feltlike, white hairs on joint triangle, group characteristic, gen- 
irally hidden by wax. 

Group 6t. Short hairs on edge of ligule, common, generally short. 


Grmip 68. 
length. 

Group 65. 
its full length 
Group €6. 
Oronp 68, 
Group 69. 
Group 70, 
Group 71. 


Veiy short tough hairs, triangular group on midrib behind ligule, varies in 

Single row of hairs growing behind but not projecting above ligule, extending 
(not shown in drawing), rare. 

Half free thick hairs on back of ligule (not shown). 

A double group behind ligule. 

At base of leaf sheath on the under side. 

Long soft hairing on long auricle. Fig. S. 

Soft white hair on small auricle. Fig. 5. 


In order to become familiar with the method used by Dr. Jeswiet I have ex- 
amined and made drawings of several varieties of our canes. I have found that 
the hairing of the eyes,'Jeaf sheath, and leaf does appear regularly in the same 
positions regardless of where the cane is grown. 


A Comparison of the Lyman Seedling With H 146 and H 109 

As a practical example I have been able to establish the identity of the so-called 
Ljrman seedling, the parentage of which was doubtful. It was said to be a seedling 
of H 109 and Yellow Caledonia. 

The one stool I examined is similar in general appearance to H 109. It dif- 
fers in growth, whereas H 109 has a tendency to increase in circumference of 
intemodes towards the top, the seedling decreases; also the Intemodes of the seed- 
ling are somewhat larger and barrel-shaped, and very much softer. 

From the plan in Fig. 6 it will be seen that the pollinated tassels of H 109 
were taken in the vicinity of other canes ; therefore it was logical to examine them. 
This was done and ^e similarity in the eye, leaf sheath, and leaf of the seedling 
and of H 146 was immediately evident. They are identical in the ligular process, 
and the hairing on the scale of the eye occurs in the same places, and their germ 
pores are the stune, bursting being c^entral in both cases. Their wings are the 
same, being attached in the same manner, and their veining is the same, towards 
the central germ pore. 

Witli H 109 the seedling has few things in comtnon. A first glance shows the 
general shape to be the .same, but there are marked differences everywhere else. 

H 109 has an apichl germ pore whh v«ns running longitudinally to it. Its edge 
is nearly always very irregularly shi^)ed and hooked. iThciy wings are attached 
very The hairing of the scale.of the eyes is very different^d there is 

no N the Hgtilar lU'ocess or on.the bade of the leaf sheath. 

woidd place' the Lyman see dlinir as a preweny of H 109 
whh a towards its undddhted male parent IS 146. 

, « v; ' • 





A Comparison of Yellow Caledonia With the Lyman Seedling 

Some of the points of dissimilarity betw^ the variety Yellow Caledonia and 
the Lyman Seedling are found in the appearance, shape and hairing of the eye, 
the leaf sheath and theJigular process. 


' CALEDONIA FIELD 
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H 109 
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H 135 

H 240 
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Fig, 6. Plan showing where seed for the Lyman seedling 
was gathered. 

The Eye 

First, General appearance of mature eyes. 

Second, The total absence in Yellow Caledonia of groups which are prominent in the 
Lyman seedling and also prominent in H 146. See groups 17, 2S, 30, 25, 24. 

Third, The presence of groups 18 and 14 in Yellow Caledonia against their absence la 
the Lyman seedling. 

FourtK The marked differences in groups 11, 2, 10, 18, 19, 4, 5, 15 and 6. 

Fifth, Different position of germ pore and method of bursting; also the veining. 

Sixth, Wing shape and attachment. 

The Leaf Sheath 

Firet, Marked difference in group on back No. 67. 

Seconds Absence of group 55 on YeHow Caledonia. 

Th4rd. Also absence of auricles on Yellow Caledonia. 


Lyman Seedling 

Geneeal Description of Appearance and Growth 

Thick stalks, barrdbshaped joints, fair-stooling, joints show tendency to get smaller 
as stalk grows, ^ # 

Stalk fairljy;«tkaightV slightly aigzag, some acari, rind very "soft, stalk broken off a 
foot itom, ^e geojiind.liy Ita oMrn weight. Deep growth cracks. 

r if 

' ■ Hoary 'wa " 


s I : 
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A. layman Seedling. Juncture of slieatli and blade of the leaf, seen from within, with plan 

showing hairgroiips by immbors. 



Pig. 9. B. Lyman Seedling. Sheath and juncture of sheath and blade of the leaf, seen 
from without, with plan showing hairgroups by numbers. 


Purplish color mostly, some dark^ greenish, leaf sheath attached level with node. Kye 
attached broadly, grows close to leaf sheath scar, wide oval, pointed, slightly flattened tip. 
Small wings vanishiBg at top. 

Veined to central germ pore. 

Fairly flat when young, distinctly humped at maturity, when tip turns up slightly, large 
in size, edge smooth. 
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X. Hm. Sheath , and jimetore of sheath and blade of the leaf, with plan showing 
hairgroups by numbers, seen from without. 


S5 




'^wm 


^ IJR, ^ a »%; tfnaetww «f ^kea||i aiid blade of the Ipaf wi^ ritowW hairgmi* by 




341 


H 109 

General Description of Appearance and Growth 

Large stalks, joints generally long, somewhat barreLshaped, though generally cylindrical, 
increasing in size as cane matures, grows fairly straight, slightly zigzag, rind very hard. 

. Some cork cracks. 

Very little signs of eye groove. 

Heavy waxing. 

Four root eyes average. 

Green at tipies, mostly purplish, leaf sheath attached level with node. 




342 


» 


Eyes 

Eye attached broadly; grows close to leaf sheath scar; elongated when young; at matur- 
ity, rounded with pointed tip. Wings start low and go aH around eye. Oerm pore apical, 
veined longitudinally. Flat when young, domewhat humped at maturity; fairly large in size, 
with a notched edge as a marked characteristic. 

H 146 

Genebal Description of Appearance and Growth 

Fairly thick, scanty stoolihg, gave promise ten years ago but did not stool and ratoon 
well enough to make it acceptable as a commercial variety. 

0row8 fairly straight, slightly zigzag, very susceptible to acari, rind hard. 

Yellowish, somewhat green, older a little purplish, some cork cracks, no eye groove, 
medium wan layer, distinct wax ring. 

Leaf sheath attached level with the node. 

Boot ring with 6-4 eye rows. 






Pig. 15. B. H 146. Juncture of sheath and blade of the leaf with plan showing hairgroups 

hy numbers. Seen from within. 
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17, Yellow OaledoniE. Plan of front and back of the eye, with hairgroups by numbers. 


A. Yellow Cafetloi.ia. Juaetoje of ah^eath a»d blade of the leaf with plan showing hairgroups 

by numbei's. Seen from within. 





^*r ti4^ 0y^r 
^<4 yMivM. 


^ , Yellw Oaledonk. aad jaactnie of abeath and Made of the leaf witl 

; Idan ahotrtag'li^^ SeSTli^' ltlttioiit. 
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Yellow Caledonia 

General Description of Appearance and Growth 

Very tall, heavy, straight, yellow green, later reddish blotches on yellow. Towards 
maturity brown, yellow and red spots or streaks just above growth ring and many cork cracks, 
i A very hard cane, leaves broad, very straight, turned over at tip, spotted yellow. 

No growth cracks. 

Wax layer even and thin. 

Wax ring distinct. 

Cylindrical/ internodes, slightly flattened eye side. 

Bind fibre uncolored. 

Growth ring swollen. 

Generally three to four eyes. 

Very seldom eye groove. 

Eyes 

Well developed eyes are egg-round, pointed, narrow winged, strongly arched with uplifted 
tip, grow tight against stalk, except tip. The wing is narrow, and equal size all round eye. 

In the lower joints just above the ground and in young ratoons are eyes of deviating 
shapes, so-called coral eyes’* entirely or partly locked in a cavity, and with the front side 
or tip so little developed that one secs the back protruding ahead of the tip. 


The Assimilation of Nitrogen by Sugar Cane 


Nitrates vs. Ammonia Salts 

0 


By W. T. McGeorge 

While considerable variation in the nitrogen content of Island sugar lands 
exists, in general they are high in total nitrogen of low availability. It has been 
noted on Grove Farm that a plant crop following a fallow will show little or no 
response to nitrogen applications, but otherwise instances are rare where cane has 
failed to respond markedly. This applies to virgin as well as cultivated soils. 
Nitrogen fertilization under the present plantation practice therefore devolves 
into purely a question of the profitable limit. 

Sufficient experimental data have been published to prove the low nitrification 
or rather a dormant nitrifying power in Hawaiian soils. This is especially true 
of the acid soils, for example, the Hamakua coast and upland areas on the other 
islands. In the districts of less rainfall, that is on the irrigated plantations, the 
soils are less acid, many being alkalin and there is a greater degree of nitrification. 
As a whole, the cultural methods in vogue are not conducive to the environment 
productive of high nitrification of the soil nitrogen. In the process of nitrifica- 
tion ammonia represents one stage in the bacterial decomposition of organic 
forms of nitrogen. In the absence of sufficient aeration or oxygen supply the 
process is retarded at this point. 

While nitrogen as nitrate is best adapted to assimilation by most plants a num- 
ber of experiments have shown that certain plants will produce a normal growth 
when supplied wiffi nitrogen in the form of ammonium salts only. For example, 
of local interest, we may cite the work of Kelley on the assimilation of nitrogen 
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by the rice plant. In view of the low nitrification in the Island soils Mr. Stewart 
has suggested a similar study on the-assimilation of nitrogen by sugar cane. That* 
is whether ammonium salts can be directly assimilated. In an attempt to throw 
some light on this question three experiments carried on in sand and water cul* 
tures gave the follow&f interesting results:. 

Experiment 1. 

The object of this experiment was to determine the comparative growth of 
sugar cane in nutrient cultures vailing only in forms of nitrogen,' namely, from 
sodium nitrate and ammonium chloride. 

^ Contamers. Three-gallon earthenware jars were used. To each of these 20 
{ pounds of pure silica sand, previously sterilized in an autoclave for 2,^ hours 
at IS pounds pressure, was added. Tubes and funnels were adapted to permit 
addition of nutrient solution to the bottom of the pot, to permit aeration and the 
removal of nutrient when desired. > 

Seed. Three-eye cuttings of H 109 cane, the ends of which had been painted 
with paraffin and then allowed to Stand in 4 per cent formalin for ten minutes. 
These were planted about one inch below the surface in the sand. 

Nutrient. Nutrient cultures of the following composition were prepared. 

No. 1 containing nitrpgen as nitrate but no ammonia. 

190 p.p. mil. Potassium. 

172 p.p. mil. Calcium. 

52 p.p. mil. Magnesium. 

117 p.p. mil. Phosphate (PO4). 

160 p.p. mil. Nitrogen. 

202 p.p. mil. Sulphate (SO4). 

. - The salts used in making the above included potassium nitrate, calcium nitrate; - 
sodium nitrate, monobasic potassium phosphate and magnesium sulphate. ' This 
nutrient hbd.a reaction of pH 5.3. 

No. 2 containing nitrogen as ammonium and no nitrate. x 

190 p.p. mil. Potassium. 

172 p.p. mil. Calcium. 

52 p.p. mil. Ms^esium. 

117 p.p. mil. Hiosphate (PO4). 

160 p.p. mil. Nitrogen. 

** 202 p.p. mil. Suli^ate (SO4). 

The salts used in making the above inclirded ammonium chloride, magnesium 
su^ate, tnottcdiasic potassium phosphate, potassiu m_ sulp hate and calcium car- 
bonate. A trace of irtHtas citrate was added to bdtlTnutrients. The Reaction 
of this nutrient was pH 4.97. 

Twelve hundred cc.*©! nutrient was afdded to each pot and the surface of the 
sand painted with a pandfin-vasriine mixture in order to pidvent -contamination 
atmnoma cultures with nitrifyir^ bacteria. The expferiment was run in 
two pots of each culture. A set of gravity bottles whs used for 
drawi^ o# tiie (dd hut?i«it. Ihe.pots were aerated twice each 
; jwdture was, chaffed once eaidMM»fci^500 cc. of fresh 
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The seed was {danted February 28, 1923. 

On March 20, tests for ammonia and nitrate were started on the culture 
medium. These tests showed the ammonium cultures to be still free of nitrate 
nitrogen but ammonia was present in the nitrate cultures due to insufficient 
aeration. 

On March 25, the shoot from the seed in one of the nitrate pots had penetrated 
the paraffin-vaseline surface. On April 10, the shoot in the second nitrate pot had 
penetrated thp surface and it was noted that this shoot had developed from a bud 
on the under side of the seed and hence was slower in reaching the paraffin- 
vaselin'e covering. It should be mentioned that while the germination appears 
to be very slow the weather at that time was not of the best. 

On April 6, the surface covering was removed from the ammonium pots 
sufficient to observe the development of the seed. There was scarcely any root 
development, while the seed in the nitrate pots possessed a heavy healthy root 
system reaching almost to the bottom of the pot. In the ammonia cultures the 
roots were of a dark brown color and the buds gave no appearance of develop- 
ment. The paraffin-vaseline surface was again applied and the experiment con- 
tinued without disturbance. 

Nitrate tests on the nutrient culture from the ammonium pots were made 
each week up to the termination of the experiment without at any time obtaining 
a positive test. In view of the delicacy of this phenoldisulphonic acid test for 
nitrates, this gives absolute assurance of the absence of nitrate in the cultures. 

On June 15, practically four months after planting, the experiment was dis- 
continued without any appearance of shoots from the ammonia cultures at this 
time. 

The comparative appearance of the root systems is best illustrated by the 
accompanying illustration in Plate 1. A brief description of the condition of the 
plants follows. 

Nitrate cultures: These plants had developed a mass of main roots abundantly 
supplied with root hairs. The main roots shaded in color from a healthy reddish 
brown to yellow with the root hairs almost white. The length of plant above the 
surface was 60 inches and of the rbots 16 inches. 

Ammonium cultures: The seed appeared to be dead in so far as any indi- 
cation of germination Was concerned but was still solid and although quite dark 
in color there was little or no indication of decay after having been planted four 
months. One bud had swollen m;id reached a length of about % inch and 
another inch. The roots showed some development, but most were dark 
and stubby. On one seed them were ten roots of measurable length, the 
longest being Ij^ inches, all were black except the tips of three, which had a 
slight indication of life (a pale yellow color at the tip). There were no root 
hairs. In the seed from the second ammonium culture pot there were eleven roots 
of measurable length and all similar to those already described, lacking root 
hairs. 

Experiment 2 

In view of the absence of bud germination and extremely faint root develop- 
ment, and in the absence of nitrates and nitrifying bacteria, further attempts to 
grow with ammonium salts as the only source of nitrogen were made. In this ex- 




Plate 1. 

periiDQtt tiK was not entirely .covered, thus allowing some contact with the air. 
In Exj)tfimet^,'i the vaseline^paraffin coating was applied to the surface of the 
sand to .preve^^jthe chance entrance of nitrifyit^ bacteria, thus giving assurance 
of thdr absei^ ItK Experiment 2 this was omitted in order to give the seed 
brtler intact . 'i^th tiie air. This experiment included attains to .grow in both 
wati^ and san^^uibares. . ■ " 

1,: (^gfa^imndied cc. .beaker wad (daced inside a l.i^litre beaker, H 109 

aa preyiqi^iy descrdMud^ jplaijed t>n the 800 cc. beaker which acted as 
a soliition No. 2 was aii^led-to .stfdi a volume aa to leave 

‘one^half %e iSe^ to the air. The nutrient wae-dttnged.eacb. Week and the 

(ddjSdtittm for nitrates. A , positive test for nitrate was obtained cm the 
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eighteenth day. At this point the shoots were well developed and growing nor- 
mally. On account of the appearance of nitrate at this point the experiment was 
discontinued. 

2. In this part of the experiment 1.3.-litre beakers were filled with sterilized 
sand and the seed planted leaving a portion of the surface uncovered. The 
whole was then saturated with nutrient solution No. 2. Three shoots germinated 
in one seed and grew to 7, 6 and 22 inches respectively, at which point the 
leaves began to yellow and soon dried up. Yellowing commenced seven weeks 
after planting and three weeks later the plant was dead. The duplicate, having 
only one shoot, retained a normal appearance for a longer time, remaining green 
two weeks longer, but dying more rapidly after the leaves began to yellow. Tests 
for nitrate in these sand cultures at numerous intervals gave negative results. The 
roots were very similar in appearance to the description given in Experiment 1. 
except that they were slightly longer and further developed. 

Experiment 3 

In view of the appearance of nitrate in the water cultures in Experiment 2 
this experiment was repeated as was also the sand culture for confirmation. 
The same procedure described in Experiment 2 was followed except that the water 
and sand cultures were sterilized in the beakers ready for planting and seed 
planted as soon as cool. 

The seed was planted May 2, and on May 16 that in the sand culture had 
just sprouted while in the water culture the shoot was four inches long and fair 



Plate 2. 
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root dev«J<q>ment had started. The leaves continued to develop normally until 
May 9, five weeks after pfamting, when they were yellowing rapidly. At this time 
the shoot in the sand culture was 4 inches long while in the water culture they 
were and 2 inches. The yellowing always started at the tips, first Msumii^ 
a reddish color. In the sand culture the plant was dead on June 16, while in the 
water culture it lived one week longer. The 'examination of the roots showed 
the same condition already described under Experiments 1 and 2. Plate 2 illus- 
trates more clearly the appearance of the plants at this time. At no period ^d , 
the roots have a normal cdor or appearance. Periodical tests for nitrate during 
the growth of the cane and at the conclusion of the experiranet were all negative. 

Conclusions 

While results obtained on such a small scale as here described are mainly 
indicative, they clearly show the vital role which nitrates play in the growth and 
devdqiment ojE sugar cane. “ " v 

It is significant that nitrates function to a great extent as a root stimulant 
while, ammonium salts decidedly inhibit their development. 


A Simple Cure for Sereh 


In an article recently published — Miss Wilbrink*, botanist of the subdivision 
Cheribon of the Experiment Station of the Java Sugar Industry, announces the 
discovery of a cure for the Sereh disease of sugar cane. 


Early in their experience with SerOh, the Java planters learned that as a rule 
cuttings tak«i from diseased canes gave rise, when planted, to diseased plants. 

Miss Wilbrii^ has stow demonstrated that if cuttings from plants having Sereh 
are immersed for half an hour in water maintained at a temperature of frorU 52 
degrees to 55 degree C., the causative agent of the disease is destroyed and that 
cuttings so trecded wiU, when planted, give rise to healthy canes. 

Miss Wilbrink resorted to the hot Water treatment of cuttings in an attempt 
to differentiate between Sereh and the Gumming disease of Java. The latter 
disease^ die had previously shown to be due to a bacterium which was killed by a 
tem^M^ure of 52 degrees C. In her recent experiments, she found that all 
oattii^ infeded with Gumming disease were killed outr^t by the hpt water 
treatm^ while cuttings 'infected wiffi Sereh might survive, but were freed from 
the disease. <-1 


Wilbrink dofes not recommend this treatment for Use on a large scide 
,h^ttsi| the ten^ietatore required to kUl the Sereh inf^t'.c^ is very dose to the 
I'.pdnt for sugar cane cuttings, and invariably a percenti^ of the 
I grow. It i8> htwwer, applicable on amaB scale plant- 

alt tagea dt Sereh- ^ 
jdwite vw IfedcdmSta^a ,v«v h«^ PioehitSttoa reioJf*8« JaVa*Sulkerhidiit. 

Ne.,1, ^ ' 



353 


ings and is of especial value to experimenters and cane breeders who have occasion 
to work with small areas of various varieties and wish to keep them free from 
Sereh and Gumming disease. ^ 

We have, for many years, refrained from importing sugar cane varieties from 
Java for fear of introducing Sereh into Hawaii. Miss Wilbrink’s discovery puts 
an entirely different complexion on the matter for it places in our hands a simple 
and effective means of destroying any Sereh infection that might accompany the 
cuttings which we import. It would, at the same time, afford us certain protec- 
tion against the Java Gumming disease which would be quite as unwelcome an 
introduction as Sereh. 

During the course of her experiments. Miss Wilbrink tested the value of the 
hot water treatment as a destroyer of the virus of mosaic of sugar cane and found 
that it had none. This result is in accord with those obtained by other workers 
with mosaic diseases for in general it has been found that the virus of a mosaic 
will sur\4ve any temperature survived by the host. 

Through the kind assistance of Mr. Duker, we have secured a complete 
translation of Miss Wilbrink’s paper and, in the following paragraphs, we quote 
the substance of some of her more interesting and important statements: 

A Dane, Mr. J. L. Jensen of Kopcnhagcn, was the first person who employed heat as 
a cure for plant diseases and demonstrated that wheat-seed could be freed from the spores 
of Smut by treatment in a warm water bath. Jensen ^s publications on this subject 
appeared in 1888. These investigations attracted general attention in the scientific world 
but found little approval at first, although those who carefully checked up Jensen ^s work 
had to admit that he was right. Although Jensen himself concluded that his method was 
too elaborate for practical use and recommended a treatment with chemical disinfectants, 
still the warm water treatment was successfully introduced to the farmers in Denmark 
years after by van Bavn and Mortensen. In recent yeara, there has been a rather 
extended application of heat as a cure in the flower bulb industry for the growers strive 
to free their bulbs from nematodes either by means of heated air or a warm water bath. 

In the first years of the appearance of the Sereh disease they not only tried to cure 
the Sereh-diseased cuttings by means of chemical disinfectants such as corrosive sublimate, 
copper sulfate, potassium permanganate, zinc-sulfate, chloride of lime, molasses and bromide 
water, but warm water baths were also tried at that time. As far back as 1889, we find 
that Mr. J. Sayers at Gemoe, perhaps as a consequence of Jensen ^s investigation, sug- 
gested experiments with warm water treatment of cane Cuttings as a cure for Sereh, and 
particulars were published in a pamphlet issued that year. 

From this pamphlet as well as from opinions of Kramers and Kobus in the Communi- 
cations of the Experiment Station, East Java, we understand that Sayers recommended a 
heating of the cane cuttings during 10 minutes to 50 degrees Centigrade. 

As a consequence of these suggestions, Kobus made some experiments in 1889 with 
warm water treatment of Sereh-diseased cane. Although he mentions that cane cuttings 
can stand heating one hour in water of 50-52 degrees Centigrade, he did not go higher 
in his experiments than 50 degrees C., which temperature he kept up for one hour. 

The seed thus treated gave a little higher yield than the untreated, but whether or 
not the percentage of Sereh was reduced by the warm water treatment is not mentioned. 

Further esgperiments were not made by Kobus because he considered the method to'^ 
cumbersome for practical purposes and in more recent literature we find no further men- 
tion of a warm water treatment. 

The discontinuation of experiments may also have been caused by the fact that in 
1891, Dr. Janse, botanist of the National Botanical garden, published investigations by 
which he claimed to have demonstrated that Sereh was caused by a bacterium which could 
stand the temperature of boiling water. At first the conclusions of Janse were accepted, 
for even so prudent a research worker as Dr. Valeton was thrown off the track and as 
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long a« the imi^reMon exiated that the Sereh pameite could stand the boiling temperatnte 
all hopes of ^curing Sereh-diseased cuttings hy a warm water treatment were naturally 
abandoned; because the cuttings themselves would surely not, be able to withstand so high . 
a temperature. . 

By the time that it ]^ecame evident that the contention of Janse was a mistake caused 
by an incorrect method ^of isolation^ the growing of mountain-seed had demonstrated 
its great effectiveness in the fight against Sereh; and because the cane remained healthy 
in the cooler regions; the thought of heat as a cure was given up. 

We took it up again when we looked for a method by which the difference between 
gum disease and Bereh could be demonstrated. A few years ago, the opinion existed 
that Sereh was nothing more nor leas than a chronic form of gum disease and that, there- 
fore, hoth diseases had Jthe same cause. 

Our investigation of gum disease showed this conclusion to be erroneous but even after 
our poblication, the opinion that there was no real difference between the two diseases 
continued to exist and this we considered undesirable. Therefore, we looked for a method 
by which we could demonstrate the difference between Sereh and gum disease in such 
a manner as would be accepted by everyone. The cause of the gum disease is a bacterium 
which dies at a temperature of about 52 degrees Centigrade. , 

In a treatise by Dr. B. van Slogteren, wo find that the disease of the hyacinths, a 
disease closely related to gum disease, can be cured with a warm water treatment and 
this indicated to us the possibility of thus killing the bacteria of the gum disease in the 
cuttings. ^ 

As far as the Sereh' disease is concerned, we began more and more to believe in the ^ 
theory of Prof. Quanjer that this disease was bound to be closely related to the ctirl- 
disease of the sugar-beeta and the leaf-roll disease of the potato, all of w'hich come 
close to the mosaic diseases. 

The infectious matter of the mosaic diseases proved to be able to withstand high 
temperatures. Therefore, it appeared to us probable that Bereh-diseased cuttings could 
find no cure by the application of a warm water bath, whereas it must be possible to kill 
the infectious matter of the gum disease by stich a treatment. 

Our first experiments were made during the planting time in 1921. As up to that 
time the observations by Sobus on warm water treatment of cane cuttings had escaped 
our attention, we determined first, by preliminary tests, how much heat the cane cuttings 
could stand. We used, therefore, top seed of E. K. 28 and because this cane also proved 
to be a resistant variety on this point, somewhat too favorable results were obtained. 
For instance, no detrimental infiuence in germination was noticed by heating to 52 at 55 
degrees Centigrade for half an hour, a temperature as we found later which most varieties 
cannot stand. 

In fmr (first experiments with gum-diseased and Bereh-diseased cane, which were made 
on t^ie irarieties Black Cheribon and White Preanger, we applied such high temperatures 
as proved to bo rather harmful to the germinating power, but which gave very definite 
resniis* And not only did they prov^ to ba definite but a great surprise as well. Of the 
Bl^k CSieribon, we had at our disposal both gum-diseased and Bereh-diseased cane, but 
ai White Preanger we had Bereh-diseased cane only. 

Tha guin^iseased cutt^gs of the Black Cheribon proved to ^withstand a w^rin water 
iroaiidetit very poorly* Tie germinatioi^ here is slow anyway and by a warm water bath 
it was entirety destroyed. This result was aiways corrobewated in later tests wherein 
the tomper^tuie did not exceed 52 d^ees Centigrade. The chances, therejk)rc, arc small 
lO care igtim-dilieased cuttings by a warm water treatment* ^um-dlseasod cane apps^ently 
dies at a lower temperature than the healthy material and might, therefore, be 
possible to thus separate tha plant material, but because X did not have a sufficient quantity 
Of gnmi^h^sett e^^ at my disposal, t have not been able to settle this point. 

witb the teanlti obteined when sab* 
bj^iMsiatbs to k troitii iprotor t*oittina» t naa nolthia, bat th« bebftvior . 
' like i|i*n« Witt tb« teid toi^ite/' ' ' . ' 



Of the Black Cheribon the plant material consisted of top-seed and watet-soaked seed 
of Bereh-diseased crop cane. Warm water treatments at from 52-55 degrees were tried 
for half an hour and for fifteen minutes^ 'whereas a control plot of untreated seed was 
also planted. 

The germination, which was poor anyhow for this seed, seemed to have suffered con- 
siderably, but of each kind a number of plants survived and it was extremely interesting 
to watch the difference in development. The seed, which was heated for half an hour, 
produced well growing plants with beautiful dark green leaves; the seed which was 
trei^ted fifteen minutes produced somewhat less regular plants, whereas the untreated seed 
produced mostly Bereh-diseased plants writh yellow-tinted leaves. 

The experiment was harvested on February 25, 1922, and every stalk in every stool 
•was analyzed for 8ereh with the results as noted in the table, a stool being considered as 
Sereh diseased when one stick only showed signs of it. 

EXPERIMENT lA. 

Cane variety: Black Cheribon. 

Seed: Top seed and water-soaked, body-seed of Sereh-diseased crop cane on experi- 


mental field. 

Number of Cuttings Harvested 2/25-1922 

Treatment Planted Germinated No. of Stools No. of Sticks 

7/23-1921 9/6-1921 Healthy Diseased Healthy Diseased 

A. Heated for 30' in water 

from 52-55 deg. C 24 9 9 0 68 0 

B. ' Heated for 15' in water 

from 52-55 deg. C 24 13 9 4 68 22 

C. Not heated 24 17 5 12 25 94 


The result of this investigation was, therefore, in accord with the observation made 
on the standing caiic. The seed heated for half an hour produced healthy plants Only; 
the seed treated 15 minutes produced largely healthy plants and the non-treated seed gave 
largely badly affected cane. 

In order now to find if the plants considered as cured really remained healthy the 
seed from the Series A was planted again.- Part of the cuttings were again submitted to 
a warm water treatment, but as may be seen from Experiment IB, the untreated cuttings 
produced healthy cane with only one exception and of this stool only one stick was 
diseased. 

EXPERIMENT IB. 


Cane variety; Black Cheribon. 

Seed variety; 1st and 2nd seed from Series A, Experiment la. 


Number of Cuttings 
Treatment Planted Germinated 

2/28-1922 3/17-1922 

Aa. Heated for 30' in water 
of 45-50 deg. C. thereafter 
30' in water of 50-53 deg. C. 50 28 

Ab. Heated for 30' in water 
from 45-50 deg. C. there- 
after 39' in water from 50- 

52 deg. C 50 38 

Ac. Not heated 50 49 


No. of 

Harvested 

Stools 

8/1-1922 
No. of 

Sticks , 

Healthy 

Diseased 

Healthy 

Diseased 

28 

0 

66 

0 

38 

0 

92 

0 

48 

1 

137 

1 


The warm water bath, therefore, had actually freed the cane from Sereh. 



MiM WHIrink gives ftie Jetanfs cA experktiBrts with other vamr^ vif eane, 
all of wfih^ cofwAorate the results obtained with Black Cher^Km. 

Prom the evidence presented, we n^iay safely conclude that she has discovered 
a sitii^ hot suf>e metjied of riddh^ cam cuttings of the agent which causes Sereh 

H. L. L. 


Selec^oR of Seedlings 


On the (^positc page, we present a sketch giving an outline of the methods we 
are now following in our seedling work, 

Fidd Test 1 is the first planting in the fieldv from the nursery pots, of the 
seedlings germinated from the tassels. In Field Test 1, each stool represents a 
different variety, in that each stool is from a single cane seed, and not a cutting. 
We have never yet raised two seedlings which were alike in all respects. When 
from one to- two years old, Field Test 1 is selected and the selected canes are 
planted to Ffeld Test, 2. In this ■ selection we discard from 50 to- 90% of the ’ 
seedlings, depaiding oh their quality and also on the area of land available for 
planting. Field Test 2 is .selected and planted to Field Test 3 in the same way. 
Each "Field Test” represents a selection. Field Test 4 indicates that that series ot 
seedlings have been selected four times. J' 

SeedHt^ remaining in Field Test 4 are of good promise ai]d),i^Hfte then planted 
into regular field' experiments against standard canes. 

Ratooning a Field Test does not change its number. If PieW Test 2 plant is 
ratootfed it becotnes Field Test 2, fijjrst ratoons, etc. 

In order to further identify the different seedlings,, we add to the Field Test 
nuitd>m’ the year of propagalioai. Field T^ 1^3' propagation, means the first 
field planting of seedlings ritised frol^tfklils collected in the 1922-23 tassel season. 

In Field Test 1, the, individual .aeidlinga of one parentage are planted together, 
that is, all H 109 together, all Lahainas, ^c., arid are given temporary field num- 
bers. It is very impmrtaat to keep thw numbering straight,- as in the selection of 
seedlings it is essent&l to be able to trace the' individuals back from plant to 
ratoon. To- be goedl « seedling must ht a good ratooner in addition to producing 
a good crty> of ^ant cam:. 

As somf as a seedfing is deemed good enough to be spread aiui tested against 
the stfeitdacd canes, it is then given a permanent number^ 

We secently ad<^ed tiie policy of namit^ a seedliag. after the place or 
plantation' ^fhere if is first devek^red ixrt'o a promising cane. So, we now have 
Wailtdcv.wi^ings 1 to S3, Makaweli .1 to 4, Honol^ Ijand a’ number of Tip 
eejidll^ devdloped at Kx^ala Sugar Cempany Icnown as ^ohala 75, 86, 117,. 202, 
of others. , . , J. A. V. 



OUTUNE OF SEEDLING SELECTION 



In seed piece ffnm vfiiiclv fwo c^c»«viiaeu9<d out. Icf best eye be kept 

ond cut tfie wd so that the best eye is in the middle. Plom one eye per foot. In wtfoinorfii coinitryt 
or sihere yenerat conditions ore poor, um twictfhf amount yiyen above. Plont ger 3 extra seed per each 
10 feet to reploee any misses. VHiin Hie stand is futt,4estroy extia shoots, (eoviny one per nimiiny foot. 

Use ypod seed, end of the kind which experience has shewn is best in that district. The pereont 
to be selected or discaided os indicated' above is ihore or less nominoi and will vary within very larye 
limits d^ndiny^ upon QondVflonek XAV^ 
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K&uai Seedling Propagation 

~ , By Olen C. Markwell 

In order to give the reader a simple perspective of the progress of seedling 
work on Kauai, the accompanying chart was made, showing chronologically the 
work from 1917 as started by R. S., Thurston, continuing through the years 
1920-’21-’22 by J. H. Midkiff, a!nd carried on in ’22 and ’23 by the writer. 
It is my desire to show clearly just where each propagation stands today and to 
maJce a reasonable forecast of what the results will be. 

I find that since 1917, 47,923 seedling cane plants have been set to Field- Tests 
No. 1. From these, 6j963 were found to be of promise and were planted to Field 
Test No. 2. Unfortunately, 797 seedlings of Field Test No. 2 were lost. At 
McBryde Sugar Company, Field Test No. 2, 1917 propagation, made up of 303 
seedlings, through misunderstanding was plowed up ; Field Test No. 2, 1919-’20 
propagation at Lihue Plantation Company was also plowed out. 

There are four Field Tests No. 3, in which are found 424 seedlings. Some 
of these seedlings have gone into Field Test No. 4, so that today the Hawaiian 
Sugar Company has 35, seedlings and McBryde Sugar Company 108 seedlings in 
Field Test No. 4, plant crop. 

The question arises as to the standard of selection used. From the total of 
the various field tests we have the following : 

% Selection For 

Field Test Number Total Seedlings Subsequent Field Test 

1 41.,0»6* 16.9 

2 6,963 6.1 

3 424 17.9 

4 76 & 77 

In Pield Test No. 4 the figure 76 was used, for 76 seedlings came through 
Field Test No. 3, while 77 seedlings were taken from Field Test No. 1, old 
ratoons. 

1 With the exception of some seedlings at Makee Sugar Company and a few 
at Koloa and KilaUea plantations, the Hawaiian Sugar Company and McBryde 
St^iar Company hold the most promising ones. They not only hold the bulk and 
prt^se of Kauai seedlings, but they have carried them further, consequently 
are ready for a more comprehensive study than heretofore has been given them. 

Mfi Poede^ Selectionist for the Hawaiian Sugar Company and McBryde Sugar 
Company, i^ now Jtt work in this area. . 

' In the bt^ioning, it was made quite clear to me that Kauai was reaching out 
fdr a go0d ^‘ratponer”. To find and d^elop suqh a eane^it is obvious that one 
Itost yeoric for a number of years, ratooning the se<Whngf areas and basing the 
m ratootdng qualities of the different seedlings. 

yEvtttt in fftffife advanced field tests it is not possible to say that any one of 
i? wnformly superior. If there is^uo^ one guality that proves a 

Were jitoved ,o«t. ' 
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stumbling block and often a bitter disappointment to the selectionist of seedling 
canes, it is uniformity. Whether some of the seedlings are actually sporting at a 
tremendous rate or if the lack of stability is due to some other cause, not in- 
herent, I cannot say. While I have no data to substantiate the statement, I do 
know that the individuals of the seedlings vary widely. 

Hawaiian Sugar Company’s Seedlings 

Field Test No. 4, 1918 propagation, Hawaiian Sugar Company, is a plant crop 
containing 35 seedlings, planted September, 1922. The see<l was cut from Field 
Test No. 2 of that prapagation, first ratoons, after a careful study of data from 
the harvest of Field Test No. 3, plant at that time. In addition to the mill data, 
a thorough observation of the Field Test No. 2 revealed seven canes of strong 
ratooning power. These were also planted, therefore we have : 

Proimgrttion Plfnitiition F. T. No. 2 F. T. No. 3 F. T. No, 4 

3918 Hawaiiini Sugar (-o, 2n(l ratoon Ist ratoon Plant 

The time is at hand for a detailed study and thorough checking up of the 
ratooning behavior of all the seedlings in Field Test No. 4 and at the same time 
to bring under observation good ratooners which have been overlooked or for 
some unknown cause have come to the front. 

Mr. Poole has made a cursory study of the 1918 propagation, but at this time 
he has nothing to give in the way of an accurate checking up. 

While the mill data is a very desirable guide in selecting for planting to ad- 
vanced field tests such data is far from infallible, e. g. No. 90 (now Makaweli 
No. 1), the ^Vhale” of the entire propagation giving 16 tons of sugar per acre 
when weighed and sampled in Field Test No. 3, plant, is a poor ratooner in first 
ratoons there, looks fairly well in plant Field Test No. 4, and a fair ratooner in 
second ratoons in Field Test No. 2. Taken all in all the ‘"pick” of Kauai seedlings 
are to be found in the Hawaiian Sugar Company’s fields. 

In the 1919 propagation, the Field Test No. 2 lies alongside of Field Test 
No. 3 of 1918 propagation and compares very favorably with it. There are 632 
seedlings in this field test, many of them promising. Mr. Poole is making observa- 
tions on them. Selecting and planting should be done here soon. 

During June, 1923, the 1920 propagation, consisting of 403 seedlings, was 
weighed and sampled. Not much importance had been attached to these seedlings, 
although they had been observed, but the harvesting results showed that many 
of them were equal to or better than the H 109 checks. After a study of the 
mill data, it was found that 95 of them were good. The ratooning quality of 
these will be noted with interest. 

While the 1921 propagation, containing 17 seedlings, has been carried to Field 
Test No. 2, nothing is outstanding. 

One might question the desirability of Badila seedlings at Makaweli. How- 
ever, the 1922 propagation contained 40 seedlings of that parentage. Thirteen 
of these looked promising and were planted along with 33 seedlings of other 
parentages to Field Test No. 2, 1922 propagation. They are doing nicely. 
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McBxyzitE SufiAS Compakv’s SesDUKcs 

Field Test No. 4, 1918 jtropagaticm, is too young to have its value intelligently 
esttniAted. Seveoty'-six of its 153 seedlings were taken from first ratoons Field 
Test No. 3, while 77 of them were taken from “old ratoons” Field Test No. 1. 

Field Test No. 2, 1919 propagation, sfecond ratoons, contains 237 seedlings. 
These ratoons have not yet been thoroughly checked, so one cannot be sure as to 
how many should be carried to Field Test No. 3, but the mill data show 15 to 
18% as firoaaisk^. 

Yettt will note that here we arie to seto from second ratoons Field Test No. 2 
Cor the plantiog of Field Teat No. 3. This is a bit unusual, but ^ce we are 
seeking a maeica cane which is a good xatooner, we may discover a short cut by 
duninating the bad ones hene rather than Field Test No. 3. It is a question 
whether we are not doing too much work on .plant cane while looking for 
ratooners. I know the object is to find “the cane”, nevertheless it creates a favor- 
able impression to have the tons-of-sugar-per-acre for the seedling area as good 
as that of the crop cane. 

Mr. Alexander, manager of McBryde Sugar Company, has desired that the 
work in seedlings be undw mauka conditions, He said, “We must have a mauka 
cane,” consequently ‘these seedlings were put to a severe test. Scarcity of labor, 
low temperature, and'the constant encroachment of weeds have given the largest 
and most promising propagation a fight for its life. Field Test No. 2, 1920 
propagation, has suffered. When this field test was first planted there was a 
shortage of labor and water, so the seedlings necessarily were neglected. 

In December, 1922. and January, 1923, the 2,566 seedlings and their checks 
were weighed and more than 500 samples taken. A study of the mill data placed 
246 as equal to or better than 'the check D 1135. One should not anticipate good 
ratoons from all of these 246, consequently Field Test 8 thay be less than 
that number. 

I find that Field Test No. 2, sfeo prppagation, was planted in three install- 
ments, in reality three selections from Field Test No. 1. 

Mr. J. H. Midkiff said that he and one Wper, Mr. King, I believe, went over 
Field Teat No. 1 selectkig about TOO seedlings, later the field test was re-selected 
imd between 1,000 and 1,200 were taken, and at a later date the field test was 
again reselected and 500 additional ones taken. 

This first sekctioo was j^aafied to 700 approximately (.see blue print No. 118), 
the aaoond sdedion to about U^OO C see blue print No. 1 19) and the third selection 
{datitted fbe remainder. 

In wejghtng and sanipltag tkis Field Test No. 2 fully seventy-five percent of 
ibe d esina ^ -canes feH within this first selection, the second selection was much 
poorer, and the third was almost worthless. One caimot say poettrvely that this 
wide difference was due to higher standard of selection for soil variation may 
have entered, Imt I do think that to selection a part df *^hif diff^ ence -was due.* 

J. A* V. 

, I I , 

* Keralto at a aature hitv« be«a obtained ia Honotalu in th« 1918 propagation. 

8^ Mia entlM senea from about 194 «e«8Uftgfl ‘tdifch vwo-eonildiBreft tbe most promitflng 
oa tbs dost iSHiii i tf S B. vtw vmaiaiiif e»«|^ 9f ■toeaaMd WW <0. P. teedHsgs brre bbt 3 
^ 4 
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Tlie 1917 pro^gation met with disaster. A misimderstanding led to the plow- 
ing «p of this field test area early in 1922. Since it did not receive a thoroi^h 
plownag, it be possible to find among the H 109 planted there any outstanding 
seedlings which may have survived. Perhaps it would be well to go Aru this 
ariea and look for such late in August or ea'rty in September of this year. 

Koloa Sugar Company 

Koloa Sugar Company 1920 propagation has been planted under makai and 
mauka conditions. Even though a cane may not prove desirable makai owing 
to its failure to give a maximum response to optimum conditions — soil, tempera- 
ture, light, water, and fertilizer-s — k may prove a profitable one for maUka con- 
ditions. A cane which is vigorous and ratoons well is always desirable. If any 
cane possesses these qualities, it is worth while to try it mauka. 

Of the 1920 propagation there are 21 seedlings of fair promise. The Wailuku 
seedlings and various other seedlings sent over from Honolulu are doing nicely. 

Mak£e Sugar Company 

Of the 1920 propagation Makee has 840 seedlings of first ratoons Field Test 
No. 2. During February, 1923, these seedlings were weighed and sampled. Mill 
data leads us to believe that 46 of them are equal to or better than tlie check H 109. 

Lihue Plantation Company 

Last November. Mr. Kutsunai and I went through the area of the 1919-1920 
propagations, Lihue Plantation Company, and flagged the seedlings which looked 
promising. This seedling area, as a whole, looked poor so it was plowed up by 
tlie plantation in March, 1923. 

Kilauea Sugar Plantation Company 

Kilauea Sugar Plantation Company’s seedlings consist of 17 Kauai propaga- 
tion 1919, 1913, T4, TS and T7 Oahu propagation, and a number of Badila seed- 
lings. Of the seedlings at Kilauea the ones of Badila parentage are most promis- 
ing. It might be well to have more seedlings of Badila parentage under the mauka 
conditions of Kauai. 

Grove Farm Plantation Company, Ltd. 

The 1918 and 1919 propagation have shown no seedling of promise. Of the 
1918 propagation none have gone to Field Test No. 3. However, of the 1919 prop- 
agation two were planted, but they are not unusual. I notice that many of the 
seedlings had yellow stripe, which was taken care of. As this field test is active 
the ratoons will be ob.served. 

General 

Computed on a basis of total seedlings in Field Test No. 2 of all propagations 
on Kauai, there are at present, as the data at hand show, 6,963 seedlings. These 
are distributed as follows ; 


Heedlingg in 


Plantation F. T. No. 2 

MoBryde Sugar Co, 4140 

Hawaiian Sugar Co 1682 

AU other 1141 


Percent of 
Total Seedlings 
59.6 
25.5 
14.9 
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Betauue the McBryde seedlings are grown under adverse conditions, the total 
number to reach Field Test No. 4 will be relatively small. Since “all othet” 
plantations on Kauai have only 14.9'^ of the total Field Test No. 2 seedlings, 
obviously they need more. 

W 

If-these are to be propagated here, the work of planting, observing, and select- 
ing them could be carried on more advantageously if one plantation should take 
. one year’s propagation, e. g. Grove Farm Company, Ltd., 1924; Lihue Planta- 
tion Company, 1925, etc. 

A difficult problem to meet is the numerous propagations on the various planta- 
tions. Since a luna doesn’t think of seedlings in terms of propagation years, the 
above ccmdition frequently gives rise to misunderstanding which results in con- 
fusion in seedling work. The average luna has all he can do to look after the 
crop cane, which is of immediate importance. 

In all the seedling work on Kauai, there has been a sincere spirit of coopera- 
tion expressed by the many helpful suggestions and personal observations on the 
part of managers and lunas, without which progress in seedling work would be 
seriously impaired. 

Summary 

1. Total Field Test No. 2 seedlings all propagations (Kauai) is 6,963. Me- ■ 
Bryde Sugar Company has 59.6% of these; Hawaiian Sugar Company 25.5%; 
other plantations 14.9%. 

2. Advanced seedlings are ; 

P. T. No. 2 F. T. No. 3 P. T. No. 4 


Plantation Propagation P. T. No. 1 2nd ratoon lat ratoon Plant 

Hawaiian Sugar Co. : 1918 0 604 113 33 

McBryde 1018 0 1337 281 31-37 


3. At present, considerable titm should be given to canes of the above^',j|eId 

tests in order to check ratooning J^lity as ihown in F^«^esfs and 3. 

More stress should be put upon ^fj^riptive work of ' 

4. Field Test No. 2, 1920 propagation, McBr yJa indites 'that a fairly close 

selection is desirable. . 

5. In the future it might be advantageous to allot to the various plantations 
. propagations by yeaj^. 
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Grand Total 47023 7750 

Less seedlings plowed up 5927 797 



Spend to Save* 


Many power plants wUl not stand even a .casual inspection. They operate as 
evidence that wmevikere along the line of ownership and management there is a 
lack of understandir^ of the savings that can be made through the expenditure 
of moderate sums for first grade supplies and time saving equipment. 

Cracks in boiler settings, warped fire doors, inoperative dampers, steam and 
water leaks are proof that indifference or neglect prevails. The problem is to 
find those responsible for these conditions and then drive home the facts in each 
case. 

Plants as pictured above do not generally exist because the engineer on the job 
is negligent or ignorant ; for invariably it will be found that his actions indicate 
that he is physically fit, his clothes show that he is the kind of man who gets 
right into the job and a brief conversation will prove that he is experienced and 
knows his business. 

Where, then, can the responsibility be placed ? In any number -of cases it is 
the fatdt of the management because the engineer, always a busy man, is not pro- 
vided with first grade supplies and time saving equipment and instruments. The 
engineer is too often spending much of his time in a fight to keep lie plant 
operating at any cost rather than exercising his ability to improve general condi- 
tions and the economy of the plant. His job is made one of physical endurance 
rather than that of capitalizing for his en^loyer through the use of his experience 
and brains. 

Such equipment as feed water regulators, flow and temperature records are 
time savers for the engineer. Packing and general supplies should not be pur- 
chased through the office on price ^nsideratipns only. Consull'the engineer and 
profit by his mcperiencc, for in this way die cost of 8upf4iie|^jvm'fle reduced ; many 
hours can be saved both on maintenance and operation, with the result that the 
engineer will have time to study and effect worth-while economies. 

You can profitably spend to save. 

' [W. E. S.] 


Pow«r Plaat iingluaei'ing, V«l. XXVII, No. 14. 
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India Improving Cane Varieties Through 
Seedling Canes* 


The results of mill trials on selected seedling canes in India, carried out by 
Mr. Wynne Sayer, Secretary of tlie Sugar Bureau, are given in the Agricultural 
Journal of Irldia, May, 1923. 

The seedlings which gave the most promising results were crossbred at the 
cane breeding station, Coimbatore, which was instituted by the Covernment of 
India about ten years ago. Three of the .seedling canes originated by the station 
bave had practical tryouts, and show tlieir adaptability to conditions in Northern 
India, particularly in North Bihar, which has a large number of cane growers, 
and in which district a number of modern factories manufacturing white sugar 
are locaterl. 

Cane varieties adaptable to this district require unusual hardiness, as the cul- 
tivator of North India gives his cane indifferent treatment, and as a rule has not 
sufficient funds to expend on fertilization. Some seasons in this vicinity are most 
trying, and it is necessary for the canes not only to be resistant to drought, but 
to withstand intense heat, which frequently prevails in this district. Three of the 
seedlings were selected, showing desirable qualities, known as Co. 210, Co. 213 
and Co. 214. 

These varieties prove to be good drought resislers, and their behavior during 
the growing season is splendid. The hot weather in 1922 was very severe,. a tem- 
perature of 110 degrees Fahrenheit was experienced on several days with high 
wind, but during this hot weather Co. 213 showed no ill effect; Co. 214 and 210 
also stood it remarkably well. 

After the rain these canes made rapid progress, and their superiority over the 
local canes was asserted early. These canes have a hard outer rind and are not 
subject to damage from fungus or insect pests to the extent of the damage from 
this source in native canes. 

Mill trials of these three varieties were successful, showing larger yields in 
the field and increased yields in the factory over local canes. 

By combining these varieties with local cane, the grinding season can be 
started earlier, which will be of marked advantage in extending the operations 
of idle mills. These hardy and resisting varieties promise to be of marked value 
to the Indian sugar industry, and show the benefit of intelligent scientific treat- 
ment as now being applied in India to its sugar industry. 

rj. A. V.] 


the jLoui«ia$ia Planter and Bugar Manufacturer, Vol, LXXI, No. 4. 
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Formosa Sugar indiustry* 

The sugar industry in Formosa, which according to the original program of 
the Taiwan government, was aimed <» reach a production of raw sugar at least 
sufficient to supply demands of Japan, received a great setback as a result of 
serious typhoqis in 1911 and 1912; This Mused g^eat fear for the future of the 
sugar industry. 

The Far Eastern Review in rqvortiug these conditions, states that by the results 
of carefully carried out experiments and substituting for the Rose Bamboo cane,— 
which had proved adaptable to Formosa conditions and produced a high per- 
centage of sugar, but was susceptible to damage from winds, — a type of cane 
which resisted the winds, these difficulties are now obviated. Seedling canes 
were imported from Java, which proved of sufficient resistance to wind damage 
and adaptable to Formosa conditions, to largely replace the Rose Bamboo cane. 
In 1918, 35 per cent of the area under cultivation was of this Java cane, and in 
1922 this percentage had been increased to 87.7 per cent. Following the marked 
benefits derived from the Java seedlings, Dr. Ishida, Chief of the Sugar, Division 
of the Central Research Laboratory, developed native seedling canes from the 
Java seedlings, one of these called F-19, has proved to have high wind resistance 
power, and is shown in experimental cultivation to yield more sugar than thei 
Java cane. The suc^tes. of this variety has led Formosa to greater developments 
with •hq)es of further- improvement along this line. 

Coincident wiffi the improvement in the cane has been improvement in the 
agriculture of the island, particularly relative to the tenant-farmer system. The 
older methods of restricting tenancy of the farmer to one year resulted in exten- 
sive cultural methods. The government has now reformed these old regulations 
so that the tenant will have possession for a minimum of si?c years, this has 
resulted in a marked improvement of the fields by fertilizing and deep plowing. 
The farmers have exerted themsel^s to increase production and the yields have 
increased "froni 1913 to 1921 almost 250 per cent, with prospects of further 
increase. 

Leading sugar companies are now applying new regulations encouraging early 
planting and selection of varieties, with the result of the increased yields above 
mentioned, and the cane grown stands the ill effect of wind, and rain storms better 
than the previous varieties planted in that country. 

The sugar expert of the government looks forward to doubling the present 
production in the next ten years, and predicts an increase, by the judicious selec- 
tion of seed cane of 20 per cent; by setentific fertilization, 50 per cent ; by irriga- 
tion and driunage, 20 per cent ; and by control of insect pests, 10 per cent. 

Recent results by jlihe R^earch Laboratory have established the economic limit 
of fertilization, giving formulas for same, and the .government is planning the con- 
struction of, large reservoirs for .|rrig:atkm purpom, which, when completed will 
make possible die irrigation of lai^e aTsas ol uplandf a* {ilesent without a supply 
of iftigatkm wato". „ • * 

. ^ith the cooperadon of the thegovernm^t, it ii expected that 

indiiftr^ will be (m b hew and sounder basis. 

.v’’ ' |J. A. V.J , 

' , ‘‘Xhft .'iitnlbhuta Jtsh&ehttei, ' VoU iiXXI, ' 4. 
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Plantation Notes — Illustrated 

(Photographs by J. S. B. Pratt, Jr.) 


Hitch uscil at Makec. 
Front doubletrees are eliia- 
inatecl, aniuials tiiriiiii:r 
easier, and starting off 
quicker — for hauling cane, 
harrowing, etc. 







m 


Loading station at. Hama* 
kua Mill Co, Lifting load 
from wagon to oars. 




lU){i caiu" grown without 
attoiition nt Kilaiica by 
loadsidc, instead of weeds 
and lantana. 


Badila (kft) and, Uba 
(right) at Kilau^a. 



m 



Nine w^eks old Yellow 
Tip ratoone at Makee. Seed 
0 # tkia variety waa de- 
sired for manka lands, so n 
few bags received frew 
Honeer were planted under 
the best eonditions makai, 
euttinsr IB to 1 in 8 months. 
Mgr. Welters in picture. 


Sled seen on Hawaii. 
Used to haul eaite^jto dUme 
I rnnt packs. 



I 


Movable die^ at Onomea 
to loqk up fiiMUne in field 
for tattDtom, Oontd be uveti 
to atere fbetiHaer in field. 


i, 
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Type of paokeadclle seen 
on several plantations. This 
one at Makee. 






SAeS iUb Koloik 
CM* «Md MW quiekljr' 
iraw H «k iarft«ai i^eed in 
|Wiii4, of portable 

tMAk p«t SB top of Med to 
1feep<.hftjp from dOntii^. 




floofcinff Med at Kllanea. 
Uneh baatDing of seed is 
saved. 




1 





Supar Prices. 


9S° Ifr tlie Pwiod 

June » tal^aMber 15, 1923. 

’ ' •lit 


Date 

'Per Pound 

Per (Foa'/ 

^ 4 Bemarks 

June 19, 

1923.... 6^905 

4138.10 ^ 

CHtbM, 7.08, 6.7$. 

“ 20 . 


141.90 

Cu|)M, 7.08; Philippines, 7.16. 

y 21 . 

7.28 

145.60 

Cubas. 

22 . 

7.53 

150.60 

Cubas. 

*21. 

7.16 

143.20 

Spot Cubas. 

July 9 . 


138.20 

Cubas. 

11 . 

6.655 

133.10 

Philippines/ 6.53; Cubas, 6.78, 

13 . 

6.78 

135.60 

Porto Bicos. 

‘‘ 16 . 

7.155 

143.10 

Cubas, Porto Bicos, 7.03; Cubas, Philippines, 7.28, 

13 . 

7.03 

140.60 

Porto Bicos. 

20 . 

6,91 


Philippines. 

25 . 

7.00 

140.00 

Cubas, 6.97, 7.03. 

27 . 

6.91 

138.20 

Cubhs. 

Aug. 6 . 

6.15 

123.00 

’ 

Cubas. 

14 , 

6.09 


Philippinesj 6.()3, 6.15. 

15 . 

5.90 


Cubas. « 

16 . 

5.78 

11S.0O 

Cubas. 

17. 


115J0 

Berto Bicos, 548 I, 5.78. 

20 ., 


11S.60 

Philippines. 

21 ., 

5.81 

116.20 

Cabas. 

<< 23., 

5.825 

116.50 

Cubas, 5.84, 5.81. 

24., 


118.00 

"Porto Bicos. 

27.. 

6.0675 

121.35 

Porto Bicos, 6.00; Cubas, 6,03, 6.09, 6,15. 

28.. 

6.09 

121.80 

Cubas, 6.15, 6,08. 

29.. 

6.15 

123.00 

Cubas. 

31.. 

6.2167 

124.33 

Cubas, 6.15, 6.28; Philippines, 6.22. 

Bept. 6 . . 


125.60 

Porto Bicos. 

10 .. 


120.30 

Cubas, 6.40, 6.53. 

<< 11.. 

6.65 

133.00 

Cubaa,.^,^ ^ 

'' 12.. 


135.00 

CubuB, 6.72, 6.781*' 





^ tanrcb tnstiM 

UffRAAY, mIw DfLHMiOOn 


.Tftto book can bo ttsued on or before. 


» ooe eee eueoee* eoo • 


tietuf n Date 


Return Date 



